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PKEFACE. 



Sanitary Work is, in the main, the same in rural 
as in urban districts, for, besides villages, the rural 
sanitary districts contain many small towns ; and no 
line can be drawn through the category of nuisances 
which would wholly separate those of urban from 
those of rural districts. The end and aim of all 
sanitary work is to get rid of the dirt in the midst 
of which we live; for it poisons the air we breathe, 
the water we drink, and, in some measure, the food 
we eat. It consists chiefly of that which we cast 
from us through the four channels of discharge, all 
of which should be exposed to the action of the 
earth or of the air, or of both, as wholly and as 
quickly as possible after it has been thrown off, in 
order that it may be oxidised and otherwise changed 
into substances not injurious to animal life. This 
effete organic matter which we throw off is, during 
the progress of decomposition into its elements, a 
nuisance, and, according to Medical Officers of Health, 
injurious. 

In the following pages I have offered no opinion 
upon what may or may not be injurious to health. 
My own remarks have reference only to some of 
those constructive works which Medical Officers of 
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Health approve as tending to prevent disease, and 
I have considered these in every case with regard to 
economy of outlay; for, in sanitary works, I think we 
should do everything that is necessary, but should 
stop at that point. The value of sanitary works 
is not measured by the amount of money they cost, 
but by their being adapted to the requirements 
of the case. Sometimes, indeed, — as in a general 
water-supply, — it is truly economical to make one 
work of considerable size serve the requirements of 
several places, but this in no way militates against the 
principle I have stated. 

THE AUTHOR. 

Madeley, Salop, 

April, 1876. 
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§ L— PIGSTYES. 

In some parts of the country almost every house 
lias its pigstye. The pig is looked upon as a kind 
of bank. It is probable that pig-keeping by work- 
men is not economical, for the meal and other 
meat required to fatten the pig takes a deal of money, 
and it would probably pay the workman better to con- 
vert the waste products of victuals into manure than to 
store them in tubs or tanks about the house to feed the 
pig with. The chief cause of the nuisance of pig- 
keeping, however, is that the floor of the uncovered 
part of the stye is too rough to be kept clean. It 
would seem as if anything were thought good enough 
to pave the floor with ; boulder stones, brick clinkers, 
or anything whatever which will prevent the pig 
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4 SANITARY WORK. 

rooting into the earth, — a natural propensity of the 
pig, derived, perhaps, from his wild ancestors, who 
got their own living in that way. These rough floors, 
however, cannot be kept so as not to be a nuisance. 
Pigs, like most other animals, do not void dung on 
their own beds if reasonable provision is made for 
them to go elsewhere. When this is done, the straw 
bed of the pig in the covered part of the stye is pre- 
served tolerably clean ; but if the yard or uncovered 
part of the stye be roughly pitched in the manner 
above described it will not go out to this part unless 
the gross inequalities of the floor be covered over — 
indeed a heavy pig cannot walk over these rough 
floors. They are then littered. The litter holds to- 
gether all the dung and urine, and soon becomes a 
mass of filth ; and yet, in consequence of the rough- 
ness of the floor, it must lie there until fresh litter is 
laid down, however foul it may be. It is this reten- 
tion of filth in the open yard of a pigstye which makes 
it a nuisance near a house. As to the manure thus 
made, it is not worth while to subject the health of 
persons to injury for the sake of it. The remedy for 
all this is to pave the floor, so that the filth can be 
swept away daily into a covered cesspit adjoining the 
pigstye, and to lay a drqin from near the top of the 
cesspit to take away the over-flowing liquid to the 
same place — whether that be a sewer or an open piece 
of land — to which the house drainage is taken. But 
nothing can be done in this, neither in other sanitary 
requirements, without an ample supply of water. 
Another thing which makes a pigstye a nuisance where 
otherwise it might not be so, is the feeding of pigs 
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with the offal of slaughter-houses. Butchers usually 
do a large business on small and confined premises, 
and make the most of everything to their own advan- 
tage by keeping pigs, sometimes in large numbers, to 
eat up the offal. It would be very much better, in 
every other respect than the undue advantage of the 
butcher, to convert the offal into manure. When it is 
considered that it is only in the immediate neighbour- 
hood of a considerable number of dwelling houses 
where private slaughter-houses exist, we see that 
neighbours must necessarily be subject to annoyance 
where large numbers of pigs are kept on adjoining 
premises, and especially so when these are fed, or 
partly fed, on the offal of slaughter-houses. Notwith- 
standing that it might be a harsh law which would 
prevent a labourer keeping a pig when he believes it 
to be profitable to him, providing he keep it clean, 
there are yet certain situations in which a pig ought 
not to be kept at all, viz. : — (1.) Adjoining the wall of 
a dwelling-house under a window ; for in such a situa- 
tion the window cannot be opened without admitting 
the foul emanations of the pigstye, however well it be 
kept. (2.) Immediately adjoining a public road or 
footpath. (3.) Near to a public road or footpath when 
the stye is at a lower level than it ; and the greater the 
difference of level the greater should be the horizontal 
distance of the pigstye from it. 

It is a frequent question of those who wish to con- 
form to sanitary regulations, if only they know what 
those are, at what distance from a dwelling-house they 
may keep a pig. 

This would seem to depend upon the state in which 
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it is kept. If the floor be such that the filth can be 
easily removed from it, and if a sufficient supply of 
water be at hand, we may reasonably expect that the 
stye will be kept in such a condition as not to be a 
nuisance, and it may in that case be nearer the house 
than if no care or trouble be taken about these things. 
The Medical Officers of Health may at some time agree 
to recommend a certain minimum distance which 
shoijld be insisted upon in all cases; but until we 
know what that is, the best thing we can do is to bury 
as soon as possible all the solid and liquid filth, so as 
to prevent the formation of injurious gases, or at least 
to lessen the quantity ; and for this reason the floors 
of pigstyes should be evenly laid, so that the filth may 
be swept away daily to the land, in the manner already 
mentioned. 

Asphalt is in some places used for the open yard or 
fold of a pigstye, made with gravel, sand, and the 
pitch of gas-tar. In other places cement is used, 
spread thinly over a brick floor laid upon a bed of con- 
crete, and sometimes upon the concrete itself. Where 
stone flags are to be had within a reasonable distance 
they are sometimes used, and they make the best 
floor ; but a good floor may be made with bricks alone, 
if care be taken to select them square and well-burnt, 
and to bed them solidly on a foundation of concrete. 

Besides the pig and the stye, another source of 
nuisance is the swill-tub, or wash-tank. Into this are 
thrown both vegetable and animal refuse, which de- 
composes and gives off foul gases. The liberation of 
these is assisted by stirring up the contents every time 
the pig is fed. In so far as this cause of nuisance 
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contributes to the result it affords a greater reason for 
insisting upon its being a long way off the house than 
is afforded by the consideration we have given to the 
pigstye itself. 

There is a little book on " The Pig," by H. D. 
Kichardson, in which he says, " I cannot too frequently 
reiterate my observations relative to the paramount 
necessity of cleanliness and dryness." The floor of 
the fold, he says, should slope towards one corner, 
and should be of flagstones or pavement, and there 
should be a drain from the lowest corner to a tank or 
small cesspit outside, and adjoining the pigstye. " The 
interior of the covered shed should be kept constantly 
littered ; and so, indeed, should the courtyard or fold, 
if the object of the keeper is to convert his straw into 
manure." (Here the author seems to speak of farmers 
or others having plenty of straw and wanting manure.) 
" If not, it should be swept and washed clean, and 
occasionally sprinkled with fresh sawdust." 

" There is no better absorbent, no cleanlier material 
than this, and it is cheaper than straw, when both have 
to be purchased, much more portable, easier obtained, 
carried, or stowed away." The object in having the 
tank, he says, is a double one, viz., " at once to keep 
the pig-fold and styes in a clean and dry state, and to 
preserve the valuable liquid manure which comes from 
the animals you keep." Again, " There are some who 
will probably inquire whether it would not rather be 
better to suffer the moisture to soak into earth or straw, 
or other substances, on the floor of the enclosure, and 
then to clear it all away periodically, than to drain off 
the liquid into a tank. For the information of such 
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persons, I may observe that by drawing off the liquid 
you add to the cleanliness of your swine, and therefore 
to their health and capacity for thriving ; and also that 
the collection of the liquid manure into tanks is less 
troublesome than the removal of substances saturated 
with it would be." 

The section of the Act which relates to pigstyes is 
the 91st, defining nuisances, in which a nuisance is 
" Any premises in such a state as to be either a nui- 
sance or injurious to health," and "any animal so 
♦kept as to be either a nuisance or injurious to health,' ' 
and " any accumulation or deposit which is either a 
nuisance or injurious to health." 



§ II.— SLAUGHTER-HOUSES. 

The positions of slaughter-houses in rural sanitary 
districts are generally such as to cause a nuisance. 
They are mostly behind the butchers' shops, and these 
are necessarily in the thickly populated parts of the 
district, and in these parts the ground is in most cases 
as thickly built upon, for some considerable distance 
round the slaughter-house, as it is in many large towns. 
The position behind the butcher's shop is, however, 
preferable to one which is open to the street, as some 
slaughter-houses are, and which are both slaughter- 
house and shop in one. In the case of a slaughter- 
house in the back premises of the shop (which, by the 
bye, is in most cases part of the dwelling-house) the 
objection due to its position is often doubled by its 
bad structural condition. This is wholly unnecessary 
and unwarrantable. In addition to this, notwithstand- 
ing that the spaces are so small and confined, the nui- 
sance is often increased by keeping pigs to eat up the 
offal, which is the system of disposing of it, and no 
regular means of removal are adopted for disposing of 
that which the pigs do not eat, which is thrown on to 
the manure heap, exposed to the sun and atmosphere ; 
whereas if the system were to keep no pigs on the pre- 
mises, but to remove all the offal to a field where they 
might be kept, then all the offal would be removed to- 
gether, as a rule of the business, and the premises 
would be rid of both offal and pigs. This is the practice 
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in some individual cases, and it should be enforced 
where necessary, in all cases, on sanitary grounds. 

This being done, nuisance arising from the struc- 
tural defects of slaughter-houses may be abated by the 
following means. The first requisite is that a suffi- 
cient quantity of water shall be close at hand. Some 
trials to ascertain the quantity required show that 
about 140 gallons of water are required on each killing 
day; it is important, therefore, that it should be "laid 
on " in pipes, for if it have to be fetched from a dis- 
tance the necessary quantity will not in general be 
used. 

The next requisite is that the floor shall be evenly 
paved, for a rough floor cannot be kept clean, and 
there is probably no spot of ground within the compass 
of the whole area of the district of a sanitary authority 
that should be so well cleansed as a slaughter-house 
floor, for the dirt it is subject to is of a kind which is 
most offensive. But an evenly paved floor and plenty 
of water must go together. Without a sufficient quan- 
tity of water to wash the dirt off an evenly paved floor, 
the beast slips upon it, and a butcher prefers a rough 
floor under those circumstances. But a rough floor 
cannot be kept so as not to be a nuisance, however 
much water may be at hand. No doubt there is some 
inconvenience to the slaughterman by reason of a cer- 
tain slipperiness of a smooth floor with blood upon it ; 
but, weighed against the sanitary benefits of a quick 
removal of all blood and garbage, this cannot be allowed 
to be a grievance. 

Stone flags make the best floor, but grit-stone in 
any form answers the requirements. It is sufficiently 
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hard for durability, for the wear is in this case not 
great, and it is sufficiently non-absorbent. Flags 
should be of moderate size. If they are small in area, 
the great weights that come upon them tend to cause 
an unevenness of the fl6or : if they are very large they 
are liable to be broken, unless they are also propor- 
tionately thick. It would seem from experience that 
the superficial area of any one flag should not exceed 
one square foot for every half inch of its thickness. A 
firm foundation is necessary, whatever be the material 
of the floor, but the smaller the individual pieces com- 
posing the floor the stronger ought the foundation to 
be. A bed of concrete twelve inches in thickness will 
probably be sufficient for any situation, and if the floor 
be of good stone flags a bed of concrete eight inches in 
thickness will be sufficient. The concrete should be 
made with hydraulic lime, or with cement. The com- 
mon fat limes are not good for foundations. 

The edges of the flags should be squared down to 
a depth of at least two inches, and great care should 
be taken to make the joints perfectly close with cement, 
otherwise the infiltration of blood and filth will be a 
constant source of nuisance. A level floor is better 
than one laid sloping towards the drain, for the removal 
of the filth by means of water depends in this case 
wholly upon manual labour, and not upon natural 
drainage ; and a level floor is less slippery. 

The drain from the slaughter-house should have as 
much fall as the outlet will admit of, and should be of 
socket-pipes six inches diameter, closely jointed. 

The height of a slaughter-house is required by the 
bye-laws in some districts to be not less than nine feet 
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from the floor to the wall-plate of the roof, or, where 
there is a room over it, not less than eleven feet to the 
ceiling ; and that there shall be means of light and 
ventilation to the extent of at least twenty square feet ; 
also that the lowest part of any opening in the walls 
shall be at a height from the ground of not less than 
six feet ; that the cleansing of the floor shall be done 
within three hours of the time of slaughtering ; that the 
walls shall be thoroughly whitewashed with quicklime 
four times in a year, viz., in January, April, July, and 
October ; but in other places the bye-laws require that 
this shall be done twice a year, viz;, in March and 
September, and perhaps this may be as far as bye-laws 
ought to go, for laws must be absolute, and apply to all 
cases. And in respect of the area of the openings for 
ventilation, stated above to be twenty square feet, that 
would seem to be very desirable, for the great amount 
of vapours arising from the slaughtering and dressing 
ought to be allowed to escape into the atmosphere as 
quickly as possible. 

Hides and skins should be removed within two days 
of the time of killing. 

Section 169 of the Act directs that, for the purpose 
of enabling any urban authority to regulate slaughter- 
houses, the provisions of the Towns Improvement 
Clauses Act, 1847, with respect to slaughter-houses, 
shall be incorporated with this Act. 



§ III.— PRIVIES AND CESSPOOLS. 

There should be a separate privy to each house. 
Sometimes we find only one to several houses. When 
this is so, its proper condition is neglected by all, and 
when complaints are made the neighbours fall to 
quarrelling, and there is a difficulty in fixing the 
blame upon the tenant of any one house. But besides 
this no feeling of decency can be maintained by any of 
them. In every privy there should be a child's seat, 
not more than 10 or 12 in. high, while the proper 
height for the other seat is 18 or 19 in. When the 
low seat is not provided children are driven to dirty 
habits. The door should not be hung so that the 
bottom of it comes close down upon the floor, but 
there should be a space of 8 or 10 in. between the 
floor and the bottom of the door, and there should be 
a hole in each wall, near the top, for ventilation. 

An open privy cesspool is in most cases a nuisance. 
The addition of small quantities of water to effete 
organic matter causes fermentation and the liberation 
of the gases of decomposition ; and therefore all such 
jnatter should either be washed away with plenty of 
water, or water should be wholly excluded from it. 
Either an abundance of water or none at all is alone 
safe in this case. Therefore the cover or roof should 
be made so as wholly to exclude rain-water. If the 
ground be a stiff retentive clay, this may be sufficient ; 
but in most cases the ground is more or less porous, 
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and then the water sinks into the ground and carries 
with it in solution the contaminating matter of the 
cesspool, perhaps to a well. So that, at the best, the 
case offers but a choice of two evils ; either the water 
is evaporated, carrying into the air the noxious gases 
(and perhaps the germs of specific diseases), or it con- 
taminates the underground water. 

These are sufficient reasons why privy cesspools 
should be covered, but if water is to be wholly kept out 
of the cesspit it is necessary that it be prevented from 
soaking into it through the sides or bottom from the 
surrounding ground ; for the water which falls upon 
the surface and soaks into the ground is drawn towards 
the cesspool, and enters it through the sides and bottom 
unless these are water-tight. When we are about to do 
a thing — though it may be merely the making of a 
water-tight cesspit — it is better to do it thoroughly, 
than to make useless the greater part of our labour by 
withholding the remainder. 

There are several ways of making the sides and 
bottom of a cesspit water-tight. In the case of a new 
construction the ground may be got out a foot wider 
each way than the outside dimensions of the walls, 
and 6 in. deeper than the underside of the flooring, 
and this outer space may be filled with puddled clay. 
The proceeding is to select some good stiff clay and 
throw it in, and to cut, cross cut, and tread this into 
one impervious mass, with the use of a sufficient 
quantity of water only to reduce it to a uniform con- 
sistency. Care should be taken not to use too much 
water. This bottom puddle having been completed, 
the floor is to be laid and the walls carried up, first to 



PRIVIES AND CESSPOOLS. 15 

half their full height. Then all rubbish is to be 
cleared away from the top of the puddle outside the 
walls, and the space filled in between the back of the 
walls and the sides of the hole with puddled clay, 
previously prepared. The walls should be stayed 
across from side to side to prevent bulging while the 
puddled clay is being trodden in, or rammed in. 
When the walls have been thus backed up to half 
their height the remainder of the walling is to be com- 
pleted, and, after clearing away the rubbish from the 
top of the puddle, the remainder of the puddle back- 
ing is to be completed. The walls should be built 
with hydraulic lime mortar, or with cement, and if 
sufficient care be taken to stay the walls across from 
side to side, and to leave in the struts until the mortar 
becomes hard (on the face of the wall at least) the 
walls may be half-brick thick ; otherwise they should 
be one brick thick. 

Where good retentive clay cannot easily be pro- 
cured, gas tar may be had. In most places some fine 
and non-porous material may be had, such as fine 
gravel, coarse sand, or the refuse of limestone or 
other quarries. Ashes or other porous material is 
not good for the purpose. Let the material be dry, 
and pass it through a screen or riddle of half-inch 
mesh. It has been found, with quarry rubbish, that 
about three by measure of this material to one of gas 
tar makes a substance which can be handled with a 
trowel like common mortar. Having excavated the 
hole to the required dimensions, and trimmed the 
bottom level, spread this composition over the bottom 
and lay the brick floor upon it. The ground should be 
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got out an inch or two wider each way than the outside 
of the walls. Carry up the walls to half their height, 
and, having cleared away all rubbish from the face of 
the tar-composition below, fill in the space with the 
same. Complete the walling, and, again having cleared 
away all rubbish from the face of the tar-composition, 
complete the backing, taking care to unite the second 
with the first portion. It is better to make the tar- 
composition used in the bottom stiffer, and to add 
more tar for the backing of the walls. 

Old brick cesspools are often larger than is neces- 
sary. In these cases the dimensions may be sufficient 
to allow of a half-brick lining. If so, lay the floor in 
the manner above described, and carry up a half-brick 
wall all round at a distance of an inch from the old walls, 
and fill in the space with the liquid tar composition in 
the manner described. 

There are two ways of covering the cesspit so as 
to exclude rain-water — closely and openly. The open 
method is the better. It then takes the form of a 
roof, raised above the ground on posts at the angles, 
the sides being open. The roof should project suffi- 
ciently far over the sides of the pit to prevent the 
drifting of rain into it. The whole subject may be 
reduced to this principle, viz., keep all water out and 
let air in. 

An important principle to be observed in sanitary 
work is that all effete organic matter should be ex- 
posed to the action of earth or of atmospheric air, or 
of both, as fully and as quickly as possible after 
it has been thrown off', in order that it may become 
changed into harmless substances, and, for harm, 
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virtually destroyed. Unless, then, an absorbent like 
dry earth or the fine ash of house-fires be daily thrown 
into a covered cesspit, the cover should be so made 
that the atmosphere may have the fullest play over 
its contents. The cover should therefore be raised 
from the ground, and be, in fact, a roof, the sides 
being open, as in Figs. 1 and 2, Fig. 8 being a plan 



Fig. l. 



Fig. 2. 




Fig. 3. 




Scale— l-8th of an inch to a foot. 

of the same. When, however, an absorbent, as one of 
those above stated, is added daily, the cesspit may 
be closely covered, as in Figs. 4 and 5. If the cover 
be of wood, a frame of half battens covered with inch 
boarding is sufficient, if the joints be grooved and 
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tongued. Either a part or the whole of the boarded 
cover should be hinged to the frame, so that it may 
be opened for the removal of the contents, and so 
that it may fall down again exactly to its place. Loose 
covers are seldom put back again properly. In fixing 
the cover it should be set three inches higher on one 
side than the opposite one, so that the rain-water 
may readily run off. . The frame should be bedded 
upon the walls so closely that water cannot soak 
under it into the cesspit. The cover should be laid 
with a close joint against the privy wall, the joint 
being caulked or otherwise made water-tight. 

For durability an iron cover is preferable, if it be 
hinged or have a hinged door, but loose plates are 
seldom put back again into their proper places after 
removal for emptying, being too heavy. 

The durability of wood may be increased by paying 
it over with the oil of coal-tar pitch. After the 
naphtha has been removed from coal-tar, the pitch-oil 
is derived from the residue. Raw coal-tar may be 
used if one pint of spirits of turpentine be added to a 
gallon of tar as a drier. 

The question arises — What size should the cesspit 
be ? Before determining that, let us consider another 
important matter connected with water-tight privy 
cesspits and with ash-heaps. When the fine ash and 
cinders of a house-fire are brought out and thrown 
into a heap together they are allowed to accumulate 
because of their worthlessness for any general purpose, 
and they become a nuisance in several ways. The 
fine ash is blown about by the wind, and partly into 
the house again in many cases, and when placed 
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on or near to a roadside the dust is a nuisance to 
those who pass. The ash-heap is an inviting place 
upon which to throw the contents of chamber-pots, 
and in general it is the common place upon which 
garbage and the waste of victuals are thrown, where 
a pig is not kept, and it is thus converted into a foul 
mass. No one will readily fetch it away, for it is 
neither clean and useful nor good manure. 

Now if, when the ashes of the house fires are brought 
out daily, the fine ash were screened out of the cinders 
and thrown into the privy cesspit, that part would be 
dealt with, and several important advantages would 
result, for, extraneous water having been prevented 
from entering the cesspit, the only liquid it would 
contain would be that of the excrement, and this 
would be absorbed by the fine ash and kept for manure. 
The fresh privy excrement would be covered daily 
with the fine ash. All garbage and waste of victuals 
should also be thrown into the cesspit and go to make 
manure. 

An open cesspool is economically bad, and wasteful 
of manure. The contents are reduced to a sloppy 
mess, which cannot be taken out without buckets, and 
when it is carried away without being mixed with 
ashes or other dry matter on the spot, a barrel is 
necessary for the purpose ; and when it has been thus 
obtained, at considerable cost of removal, it is hardly 
worth fetching away, because of the labour of mixing 
with other substances before it can be applied to the 
land. When, as is the more general custom, the 
liquid contents of the cesspool are removed together 
with the ash-heap, or part of it — that is to say, as much 

c 2 
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as the farmer requires for the removal of the liquid con- 
tents of the cesspool — the operation is noisome and 
offensive* But when the ashes are screened the fine ash 
and the privy soil together form a portable manure, in a 
state sufficiently solid to be dug out of the cesspit when 
required* Manure is required for the land chiefly 
twice a year — spring and autumn — so that in this 
respect a eesspit should be of a size which will hold 
the contents for half a year. 

The quantity of fine ash resulting from house-fires 
varies with the quality of the coal. In some districts 
it averages J cubic foot per week from each fire, and 
as in small houses one fire only is usually burnt, this 
becomes f cubic foot per house per week in its dry 
state, or 20 cubic feet in six months. This 20 cubic 
feet will absorb 7 cubic feet of liquid, and its bulk will 
be reduced to three-fourths of its dry bulk, or to 15 
cubic feet per house for six months. 

I have had in use during the last two years, in the 
kitchen of the house I occupy at Madeley, one of the 
ash-screens hereinafter described, which separates 
the fine ash from the cinders, and I have repeatedly 
ascertained the quantity of water which a given quan- 
tity of the fine dry ash will absorb, and it is as above 
stated. The spaces between the bars of the grate 
through which the ash falls are three-sixteenths of an 
inch wide ; a width decided upon, after frequent trial, 
to be the best width* 

A depth of 6 or 8 in. ©f straw, fresh stable litter, 
sawdust, fern-brake, or other waste vegetable absorbent 
of that kind, should be put into the bottom of the 
cesspit before beginning to use it, and each time after 
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emptying it. Under certain circumstances an exces- 
sive quantity of urine is discharged into the cesspit, 
which percolates into this absorbent material, and is 
retained at the bottom, and not subject to evaporation. 

This will occupy a space of 6 or 8 cubic feet — say 8, 
making 23 cubic feet. Then the faeces, &c, will oc- 
cupy a space of 8 or four cubic feet — say 4, making 27 
cubic feet, or one cubic yard per house for six months* 

But it must be observed that the kind of coal from 
which the above-named quantity of ash results (which 
has been found by experiment) is not of average good 
quality, and probably about f cubic yard per house 
would be sufficient on the average. 

The cinders, being separated from the fine ash, are 
useful for a variety of purposes. They may be re- 
burnt, or, if not disposed of in that way, they are very 
useful for roads and footpaths. Nothing makes a 
better foundation for the metalling of a road than clean 
cinders, and across wet land nothing makes so firm and 
dry a footpath ; they bind well together, are porous, 
dry, and therefore clean, which is really a great thing 
to be desired in rural districts. The slight objection 
to the dark colour is soon gone after experience of 
the comfort of walking on such a footpath in wet 
weather, when perhaps others are almost impassable. 
But it is only by taking out the fine ash that the house 
ashes are made thus useful. If at first careless people 
should spoil their heaps of cinders by throwing on to 
them such garbage as they ought to throw into the 
privy cesspits, that will be rectified by a gradual ac- 
quisition of common sanitary knowledge ; and if this 
fail, the inspector of nuisances may with more justice 
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deal summarily with such persons than when no pro- 
visions are made to enable the tenants to avoid commit- 
ting nuisances ; for really at present the commission of 
nuisances is in many cases unavoidable for want of pro- 
per structural conveniences on the premises of houses. 
An extensive acquaintance with the poorest people 
shows that there is no reason to doubt the willingness 
of most of them to keep their houses and premises 
in a cleanly condition, and to observe sanitary in- 
structions, even though they may entail some extra 
trouble, provided that practical help is given to them 
to enable them to comply with those sanitary require- 
ments, and not, as it were, stand a long way off and 
call out to them to do this or that without making it 
possible for them to do it. It is in such cases as this 
that we hear people say, " Oh, they won't take the 
trouble to keep the place clean, do what you will for 
them." But that is not true, in any large sense, al- 
though it may be so under certain circumstances, as 
those, namely, where owners of houses never go near 
their tenants, but leave the collection of rents to 
agents. These common subjects of pigstyes, privies, 
cesspools, and ash-heaps, claim serious attention, for a 
Public Health Act cannot be properly carried out 
unless the work be begun at the right end, and that 
we may take to be to get people, each for himself and 
herself, to perform those common every-day functions 
of cleanliness which, when neglected, cause an ac- 
cumulation of evils almost irremovable. It is by 
dealing with these evils in detail, upon some general 
and well-defined system, that they will come by-and-by 
to be wholly removed. 
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As to the means by which the fine ash may be 
separated from the cinders, in a simple manner and 
inexpensively, there is a choice of two or three. 1. A 
fixed screen, as shown at A, in Figs. 4 and 5, built 
into the wall of the privy. Figs. 6, 7, 8, and 9 are 
respectively a section, an end view, a plan, and a cross 
section of the ash screen, to a scale of 1 in. to a ft. 
Here the ashes of the house-fires are brought out and 
thrown into the screen, and with a small rake the fine 
ash is soon separated from the cinders, and falls down 
upon the cover of the cesspit, and is pushed through 
a hole in the wall of the privy, underneath the screen, 
into the cesspit ; the cinders are then raked out of the 
screen into the box in which the whole had been 
brought out, and carried back to the fire, or otherwise 
disposed of. 

Fig. 4. Fig. 5. 




The cost of this screen, in the form in which I have 
had it made, is 6*., and in building a new privy it 
adds no more than that to the expense ; but in fixing 
it to an existing privy wall, the expense of cutting the 
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hole and fixing the screen is Is. 6d. more, making 
7*. 6d. 9 fixed complete. It weighs 14 lbs. 

A fixed screen of this kind has the disadvantage 
that the fine ash is blown about during the process of 
carrying and screening, and to avoid that I have 
devised a hearth-box, which takes the place of the 
common grid and hole under the fire-grate. A small 



ASH SCREEN. 



Fig. 6. 



Fig. 7. 



Fig. 8. 



Fig. 9. 




Scale — 1 inch to a foot. 

box or shallow tray of sheet iron is placed .under the 
fire-grate, having a grid or grating attached to the top 
of it, which, when in its place, is flush with the hearth- 
stone. The fine ash mostly falls of itself through the 
grating into the box. Whenever the hearthstone is 
swept up the remainder falls through, and the cinders 
are at once put upon the fire. This is done as often 
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in a day as a cleanly woman pleases to tidy up her 
hearthstone. 

The size is made sufficient to contain one day's fine 
ash, so that it must be removed daily. The hearth- 
box, or cinder saver, as it may be called, being taken 
to the privy, the fine ash is discharged into the cess- 



Fig. 10. 



HEARTH BOX. 



Fig. 11. 




Scale — 1 inch to a foot. 



pit, either through the privy seat or through a hole in 
the wall of the privy outside. In this way the excre- 
ment is covered daily, while at the same time the fine 
ash is got rid of, and which is useless for almost any other 
purpose, and it absorbs the liquids of the excrement, 
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and converts the whole contents of the cesspit into a 
portable manure, of some value, and which will on 
that account be the more regularly and frequently 
removed. 

This box is shown in Figs. 10, 11, 12, 18, and 14, 
and costs about 5«. 

Cutting the hole for it under the fire-grate costs 
about the same as cutting a hole in the wall of the 
privy for the fixed screen, so that (when the ash is 
discharged from the box through the privy seat) the 
whole expense is about 6*. 6d., and when it is pre- 
ferred to cut a hole in the privy wall instead of that, 
the whole cost is about 7«. 6d. 

Fig. 10 shows a cross section of the box, shut; 
Fig. 11, the front end when open for the discharge of 
the ash ; Fig. 12 a section lengthwise, shut, and Fig. 
18 open ; Fig. 14 being a plan. 

The hearth-box is made of sheet-iron of the thick- 
ness of No. 16 wire-gauge. The bars are £ in., and 
the spaces -^ in. When in its place the top of 
the grating which covers the box is flush with the 
hearthstone, and offers no obstruction to the use of 
the brush or shovel. A hole is sunk in the hearth- 
stone a little deeper than the box, and a chisel-draught 
run round the edges, to receive the flange of the box. 
The box itself is hinged to the near end of the grating 
plate, and has side flanges not quite so wide as to 
come flush with the edges of the grating plate, so that 
the grating plate can be retained by the fingers' ends 
when the flange of the box underneath is let drop for 
the purpose of shooting out the fine ash through the 
far end. The near end of the box is made sloping, so 
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that it may be more readily picked up from the hearth 
than if it had to be lifted vertically to the height of its 
own depth. On each side of the box a half-round 
chase is cut in the hearthstone, 1 in. wide and Jin. 
deep, into wliich the tips of two fingers of each hand 
are inserted to pick up the box. 

When it is said that six months seems to be the 
most suitable length of time upon which to calculate 
the capacity of a cesspit, that is on grounds of utility 
alone, seeing that it is twice a year when farmers 
require the manure, and therefore will readily fetch it 
if it is worth something, and so we might reckon upon 
getting the cesspits regularly emptied, at least as often 
as that, if we can convert the privy excrement into a 
portable manure. But it is, of course, a question on 
general grounds of health whether privy excrement 
should be allowed to remain on the premises of a 
dwelling house so long as that. Unless it be at least 
once a day covered with ash or dry earth, that would 
seem to be too long a time ; but it is by the Medical 
Officers that this question must be settled, and the 
general testimony seems to show that in towns the 
excrement should either be removed at once, by means 
of water-closets, or if privies continue to be used in 
towns, as often as once a week ; and this requirement 
reduces the size of the receptacle to one which can be 
easily removed, and a tub or pail is then adopted 
instead of a cesspit. But an important general ques- 
tion must be determined before it can be said which of 
these two methods — a cesspit or a pail — is to be pre- 
ferred in any place, rural or urban. It is whether the 
Sanitary Authority shall undertake the removal of the 
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privy excrement, or whether it shall be done by indi- 
viduals, for it is only when the work is done by the 
Sanitary Authority, under an organised system of re- 
moval, renewal, 'and disposal, that the pail or tub 
system can be made to work properly. 

In devising means to an end it often happens that 
the object assumes a form different from that first con- 
ceived, although it may remain the same in principle : 
the one form growing out of the considerations given 
to the other. Thus, as soon as reason has established 
the case that there should be no open cesspools, but 
that they should be converted into water-tight cesspits, 
a little further consideration shows that, when every- 
thing is water-tight and dry, no pit at all is necessary. 
In considering how to prevent exhalations from an 
open cesspool, the first thing that occurs to one is to 
cover it ; the next to supplement the close cover with 
water-tight walls and bottom ; and, in order to absorb 
the liquid and hold it for manure, and to deodorise 
the contents of the cesspit, to throw into it dry earth 
or the fine ash of the house-fires. But when the con- 
tents of the cesspit are thus converted from a liquid to 
a dry mass, there appears no reason for a pit at all, and 
no reason why the dry mass should not be deposited 
on the level of the ground, so as to be easily filled into 
a barrow or cart in the usual way, and so avoid the 
useless labour of digging it out of a pit. 

All that is necessary in order to make a pit unne- 
cessary is that the floor of the privy shall be consider- 
ably higher than the level of the ground at the place 
where the manure is to be shovelled up into the barrow 
or cart, and 2 ft. would seem to be a sufficient height 
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for this. Privies are sometimes built on sloping 
ground, which gives of itself a sufficient difference of 
level between the front and back of the privy, or nearly 
so ; but on level ground one of two things is necessary 
to be done in order to do away with a pit : either to 
raise the floor 2 feet or so above the ground level and 
make an inclined walk up to it, or to make steps, say 
three of 8 in. each. 

At the back there should be a projection from the 
wall of the privy, as shown in Figs. 15 and 16, so as 



Fig. 15. 



Fig. 16. 
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Scale — l-8th of an inch to a foot. 



to contain the same quantity as a pit should do in the 
same place, say f cubic yard for each house, and the 
floor should be made to slope downwards about 1 in 
6, as shown. A hanging door covers the hole through 
which the place is emptied. The contents being in a 
dry state, nothing exudes through the opening. 

Besides the greater facility of emptying, this plan 
has the advantage of being rather less expensive than 
the pit, and especially so on sloping ground. 
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There is another method which consists in laying a 
concrete or other floor at the ground level, to receive 
the deposit, and round the edges of which on three 
sides the house ashes are arranged. The floor of the 
privy in this case is raised above the level of the 
ground — say 2 feet. The excrement and the ashes 
are mixed together when required to be removed. If 
the ashes are carefully disposed round the edges of the 
floor they absorb the excess of liquid and prevent it 
spreading over the surface of the ground outside. This 
method, however, would seem to me to be objectionable, 
unless the floor and the space occupied by the ashes 
were roofed over. That being done it would be pre- 
ferable to a pit. Indeed any kind of pit is to be 
avoided if possible. The open pit ought not to be 
allowed under any circumstances, and, seeing the diffi- 
culty of making a pit water-tight, it is advisable to have 
none at all. But the roofing over is absolutely 
necessary. 

By section 85 of the Act every new house is to have 
a sufficient water-closet, earth-closet, or privy, and 
an ashpit furnished with proper doors and coverings ; 
and by section 86 any house without a sufficient water- 
closet, earth-closet, or privy, and an ashpit furnished 
with proper doors and coverings, is to be provided with 
these within a reasonable time to be specified in a 
notice to be given to the owner or occupier. If the 
notice is not complied with the local authority may, at 
the expiration of the time specified in the notice, do 
the work thereby required to be done, and may recover 
the expenses from the owner : or may declare the 
same to be private improvement expenses ; provided 
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that where the convenience has been and is used in 
common by the inmates of two or more houses, or if 
in the opinion of the local authority the convenience 
may be used by the inmates of more than one house, 
they need not require one to be provided for each 
house. 



§ IV.— BAD AIR IN HOUSES. 

Those persons who go much into small houses, 
whether in town or country, find a fetid odour and a 
close and stuffy condition of atmosphere prevalent in 
all parts of the house. This fetid odour is distinct 
from that of sewers and drains, and prevails also 
where there are none of these. It is the exhalations 
from animal bodies, human, canine, feline, and other, 
and from dirty clothes brought into the house damp, 
and there left to dry ; fronj dirty bed clothes, which 
have absorbed the perspiration of persons during the 
night, and give it off in vapour during the day ; and 
the general dust of the house. 

When we consider the chemical composition of 
atmospheric air in different places, it is surprising 
how small the difference is — in figures. Atmospheric 
air consists, in the main, of two gases, viz., nitrogen 
and oxygen (the nitrogen being inert and the oxygen 
the life-sustaining portion), with a small quantity of a 
third, viz., carbonic acid. Dr. Angus Smith has 
recorded, in his book on " Air and Rain," that the 
usual amount of oxygen in the atmosphere — that is, 
the average analysis of the air of all places, good and 
bad— is 20*96 per cent., or 209*6 cubic feet in 1000 
cubic feet of air. The air of the seashore and the 
open heath, he says, contains 20*999 per cent, of oxy- 
gen. In a room which felt close, but not excessively 
so, the amount was found to be 20*89 per cent. In a 
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very small room, with a petroleum lamp burning and 
a good deal of draught, the quantity of oxygen was 
20*84 per cent., and after the lamp had been burning 
for six hours it was 20*83 per cent. At the backs of 
houses in Manchester it is 20*70 per cent. In a 
crowded law court in London an analysis gave 20*65 
per cent. "When a candle goes out it is 18*50 per 
cent. The worst specimen examined from a mine was 
18*27 per cent. 

No air in nature contains more than 21 per cent, of 
oxygen, and none contains much less. It is proved, 
Dr. Smith says, that badly ventilated rooms contain- 
ing less than 20*7 per cent, of oxygen are very un- 
wholesome. 

" Some people will probably inquire," he says, " why 
we should give so much attention to such minute 
quantities, thinking these small differences can in no 
way affect us. A little more or less oxygen might not 
affect us, but supposing its place occupied by hurtful 
matter we must not look upon the amount as too 
small. The difference between 20*999 and 20*980 is 
190 in a million. In a gallon of water there are 70,000 
grains. Let us put into it an impurity at the rate of 
19Q in 1,000,000; it amounts to 13*8 grains in a 
gallon. This amount would be considered enormous 
if it consisted of putrifying matter, or any organic 
matter usually found in water. But we drink only a 
comparatively small quantity of water, and the whole 
18 grains would not be swallowed in a day, whereas we 
take into our lungs from 1000 to 2000 gallons of air 
daily. 
. " The detection of impurities in the air is therefore of 
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the utmost importance. We must remember also that 
the blood receives the air and such impurities as are 
not filtered ont in its passage, whilst it is the stomach 
which receives the water we drink, and that organ has 
for many substances a power of disinfection and de- 
struction which the blood does not possess." 

The quantity of carbonic acid in the atmosphere is 
stated by the same authority to be as follows, at Man- 
chester : — 

In the streets in usual weather, - 0403 per cent. ; 
during fogs, *0679 ; about middens, *0774 ; average of 
all the town specimens, *0442 ; where the fields begin, 
•0369 ; minimum of suburbs, *0291 ; and in close 
buildings, '1604 per cent. 

In the London parks and open places the percen- 
tage of volume is # 0301 ; in the streets, '0380. 

On hills in Scotland, -0332 the lowest, and -0341 
the highest per-centage. 

Dr. Bernays found in a Chancery Court, with closed 
doors, at a height of 7 ft. from the floor, *193 per 
cent, at a height of 3 ft. from the floor '203 per cent, 
of carbonic acid gas. The worst specimen from a 
London theatre, at eleven o'clock at night, \sas - 820 
per cent. 

Dr. George Wilson, in his " Handbook of Hygiene/* 
says, " the question resolves itself into this — What 
amount of carbonic acid shall be accepted as the 
standard of permissible maximum impurity? After 
numerous experiments and a most extended inquiry, 
Dr. Parkes has given it as his opinion that, allowing 
•4 volume as the average amount of carbonic acid in 
1000 volumes of air, this standard ought not to 



BAD AIR IN HOUSES. 85 

exceed *6 per 1000 volumes, because, when this 
ratio is exceeded, the organic impurities, as a rule, 
become perceptible to the senses. With a ratio of "8, 
'9, or 1 per 1000 volumes, the air smells stuffy and 
close, and beyond this it becomes foul and offensive." 
Dr. Wilson corroborates these remarks of Dr. Parkes 
from his experience of prisons, a class of buildings 
which afford opportunities of arriving at an approxi- 
mate and practical solution of this problem. 

Dr. Angus Smith, in "Air and Bain/' says, "we 
all avoid an atmosphere containing "1 per cent of car- 
bonic acid in crowded rooms ; and the experience of 
civilised man is that it is not only odious but un- 
wholesome. When people speak of good ventilation 
they mean, without knowing it, air with less than "07 
per cent, of carbonic acid." 

Dr. Parkes gives the average amount of carbonic 
acid exhaled by an adult in the twenty-four hours as 
16 cubic feet, or a little over # 6 cubic feet per hour. 

Dr. Wilson points out that when lights are used, 
and the products of combustion are allowed to pass 
into a room, the supply of fresh air must be 
augmented in order to maintain the standard of 
purity. 

" It is found that 1 cubic foot of coal gas destroys 
the oxygen of 8 cubic feet of air in combustion, and 
produces about 2 cubic feet of carbonic acid, besides 
other impurities. As a common gas burner burns 
about 8 cubic feet of gas per hour, the importance of 
having these deleterious products of combustion carried 
off by special channels will be readily admitted." 

Taking "6 carbonic acid per 1000 volumes of air as 

D 2 
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the standard of maximum impurity, and -6 cubic feet 
of carbonic acid exhaled per hour, and taking the 
initial carbonic acid contained in the atmosphere at 
the normal ratio of *4 per 1000 volumes, Dr. Wilson 
says, " the quantity of fresh air which should be 
supplied is found by calculation to amount to 8000 
cubic feet per head per hour, in all cases where the 
diffusion of the contained air is uniform." If, instead 
of '6, a lower standard of *7, # 8, or *9 volume of 
carbonic acid per 1000 volumes of air be fixed upon, 
the amount of fresh air required would be propor- 
tionately less, of course ; — would be 2,000, 1,500, or 
1,200 cubic feet per head per hour. Actual experi- 
ments made at five o'clock in the morning at Alder- 
shott Camp show that in a room with a supply of 
1,200 cubic feet of fresh air per head per hour the 
carbonic acid was '855 per 1,000 volumes ; in another 
room with a supply of 1,700 cubic feet it was *759 per 
1,000 volumes ; and in a third room with a supply of 
about 765 cubic feet per head per hour it amounted 
to 1'2 per 1,000 volumes. 

The foregoing calculations and facts show the 
quantity of fresh air required to be admitted into 
rooms in order to prevent the quantity of carbonic 
acid gas increasing beyond a given standard ; but as 
soon as we come to apply the rule in practice the 
question of the capacity of the room comes in, with 
its many difficulties, and also the means of admitting 
the fresh air, for although we might cause the required 
quantity of fresh air to pass through the room, yet its 
velocity through small spaces would probably produce 
such draughts as would be intolerable. We find it to 
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be so in practice* When the only means of admitting 
fresh air is through the doors and windows, a person 
in a small room is exposed to draughts of air in almost 
any possible position, and we commonly find holes in 
walls stopped up to prevent these draughts — and not 
merely to keep the house warmer. It is the same 
whether the hole be under a door, a broken window- 
pane, or whether it be a purposely-fixed ventilator; 
people will not leave them open. They would be glad 
enough to have fresh air if they could have it without 
draughts ; and I have known holes knocked through 
the back walls of houses by the tenants themselves, 
but stopped up again because of draught. To make 
the air of dwelling-houses fit to live in is one of the 
most important objects of a sanitary authority. 
Persons who are tolerably wealthy may accomplish 
this for themselves, but it is the necessities of the 
multitude that engage the attention of a sanitary 
authority. The ventilation of houses is as difficult as 
ever the sewage question was, and will require for its 
solution as much research as has been given to that 
question, and which must be accomplished by legisla- 
tion as efficient as that now in force and that which 
may follow on the sewage difficulty. 

Bad air is aerial sewage, and must be cleansed by 
oxidation before we can safely breathe it, as foul 
water must be before we can drink it. 

The sections of the Act which relate to this subject 
are the 91st, which declares " any premises in such a 
state as to be either a nuisance or injurious to health " 
to be a nuisance, and the 46th, which is as follows : — 
" Where, on the certificate of the Medical Officer of 
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Health, or of any two medical practitioners, it appears 
to any local authority that any house, or part thereof, 
is in such a filthy or unwholesome condition that the 
health of any person is affected or endangered thereby, 
or that the whitewashing, cleansing, or purifying of 
any house, or part thereof, would tend to prevent or 
check infectious disease, the local authority shall give 
notice in writing to the owner or occupier of such 
house, or part thereof, to whitewash, cleanse, or 
purify the same, as the case may require." 



§ V.— DIRTY HOUSES. 

We do not find clean people in dirty houses, nor 
dirty people in clean houses. . When we look into the 
causes of dirty houses we find that want of proper 
drainage for the house slops is one of the chief of 
them. A house must be considered to extend beyond 
the threshold of the door for at least some yards. 
Where, for some yards in front of the house-door, the 
surface of the ground is not paved, or so roughly 
paved that liquids cannot run off cleanly from it — 
that is one cause of a dirty house. The children run 
in and out many times in a day ; and every person 
and animal of the household brings dirt into it con- 
tinually. The poor woman may try to rectify all this 
by scolding the children and kicking the dog, or may 
<lrive the children away altogether, for some hours at 
least, to find a better place to run about in; but it all 
ends in failure and bad temper, and the house becomes 
permanently dirty. The dirt on the floor dries, and is 
kicked or blown about in dust, which settles on the 
furniture and clothing, the walls and the ceiling, and 
is even carried upstairs. Bed-clothes are thrown on 
to the floor for want of other convenient place ; 
washing day would come very often if it were to come 
often enough to keep things clean ; and often withal 
there is a want of water. But the strength of spirit 
and of body required to keep a clean house under 
these long-continued adverse circumstances dies out, 
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and the house falls gradually into a chronic state 
of dirt. The husband becomes dissatisfied with it, 
and with all in it, and the usual consequence of that 
is too well known to need to be mentioned ; it is 
enough to say that it is one of the circumstances of 
his life which does not tend to maintain his health. 

Less money than the wife wants comes into the 
house because the rest has gone elsewhere. Children's 
clothes become worn out until scarcely any re- 
main. She starves herself to feed her children, and 
even then insufficiently for their health. Sickness 
comes into the house, with its consequent expenses. 
A dirty household is under these circumstances kept 
together as long as possible, but a frequent conse- 
quence is the necessity of parish relief, and the owners 
of house-property pay perhaps more money in un- 
necessary poor-rates than would be necessary for all 
the expenses of drainage. 

Dirty roads are another cause of dirty houses, 
and are uneconomical as well in the cost of main- 
tenance. 

It is ruinous to a road to allow water to lodge upon 
it. If the object were to grind down the materials by 
means of wheels and horses' feet we should add water 
to them, and that is practically what takes place 
when water lodges on a road. It is a matter of 
experience, after taking into account all charges of 
road-maintenance, that the cheapest materials for the 
road surface are the best in quality. Trap rock is 
the best material; sandstone is weak; limestone is 
slippery ; flint is too brittle ; granite, of certain quali- 
ties, is a good material, but trap rock is better; it 
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has a property of toughness as well as hardness. 
The pebbles and boulders picked from agricultural 
land are good for the purpose, when broken and 
made angular, so that the stones interlock with each 
other. It is necessary that there should be a good 
depth of stone — say ten or twelve inches — but it is 
not necessary that it should all be of the quality which 
is suitable for the surface ; the lower half or two-thirds 
of the depth may be of inferior quality, such as sand- 
stone, for this part is to be regarded as the foun- 
dation only, and is never to be reached by the wheels 
of vehicles or by horses' feet. It should, however, be 
broken to the same size as the top stone, or metalling, 
otherwise it will work up to the surface, and the size 
should not be larger than would pass through a ring 
two inches in diameter. Stone of two kinds, differing 
in hardness, should not be mixed together ; tlie softer 
wears away before the other, and leaves an uneven 
road ; but if placed altogether below the hard stone 
it serves the purpose of supporting the better material. 
Roads come properly within the category of sanitary 
works. Dust is certainly a nuisance, and mud is no 
less so; both are sources of dirty houses. Even 
in a monetary point of view, a good hard material 
for the top metalling is economical ; less dust and mud 
are produced, because there is less wear. It is the 
wearing away of the materials in wet weather which 
produces first mud and then dust. The carting of 
large quantities of poor material on to a road, and the 
removal of large quantities of mud from it, cannot be 
economical. And be it remembered that the removal 
of the mud takes place and must take place whether 
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labourers be employed to scrape and sweep it up, 
and carts be employed to remove it, or whether it 
be left to be washed away in heavy rains into the 
drains, or, in lighter rains, to be ground up and remain 
to be blown away by the next dry wind. To have 
it washed into the road drains is to have them choked ; 
then the road-labourers disturb the construction of 
the drains or culverts and clean out the deposit, and 
restore the construction in a very rough and inefficient 
manner, making stoppages all the more likely after- 
wards So that the ground-up material is necessarily 
removed, either as mud or dust. Watering roads, 
too, is expensive work. The expense of all these is 
reduced by making the top metalling of roads with 
better material. 

Sir Henry Parnell, in his book on roads, gives the 
results of experiments on the force required to draw 
given weights over roads of various degrees of clean- 
liness, which show that for the same load the following 
very different degrees of force are required for the 
draught. 

On a muddy gravel road . 32 

On a clean gravel road 13 

On a muddy road which is made with good broken stone . 10 

On the same road covered with dust .... 8 

On a well-made broken stone road in a clean dry state . • 5 

On a paved road 2 

In a paper contributed to the Institution of Civil 
Engineers by Sir Joseph Whitworth some years ago, 
on the advantages and economy of maintaining a high 
degree of cleanliness in roads and streets, it is said 
that it is a remarkable fact that the quantity of dirt 
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removed is not increased by frequent cleansing, but is 
indeed under some circumstances diminished. This 
can only be explained by the fact that very much less 
dirt is produced on roadways which are kept properly 
cleansed, and that therefore they are preserved. This 
effect of improved cleanliness has been generally 
observed, and its cause is that when dirt is allowed to 
remain on the surface of a road it retains the water. 
A curious illustration of the preservative effect of 
cleanliness of a roadway is afforded by the state of the 
crossings, where the roads are " macadamised " or 
made with broken stone. The sweepers keep their 
crossings clean by constant sweeping ; but the road, 
instead of being, as might have been expected, worn 
away at the crossing, is often found higher and less worn 
than the adjoining parts. The saving of the material 
is no doubt the consequence of the greater dryness, 
and therefore hardness, of the clean part of the road. 
In the discussion on this paper, Mr. P. H. Holland 
said that one of the best effects of clean streets was 
that the houses were more easily kept clean, and the 
effect of this »pon the habits and morals of the people 
was most important. If persons could not keep their 
houses clean with a reasonable amount of care and 
trouble, they soon gave up the attempt, and submitted 
to live in dirt. This domestic dirtiness caused 
domestic discomfiture, which naturally led the husband 
to desert his own fireside for the public house. If, 
however, the streets were kept clean, it became com- 
paratively easy to keep the houses so. He had 
frequent opportunities of watching the effect of im- 
provements in this respect, and it invariably followed 
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that there had been a marked improvement in the 
habits and morals as well as in the health of the 
people. 

The condition of public roads is of great import- 
ance in another respect. How shall we call upon 
persons in their private capacity as householders to 
keep their houses clean when the public authority 
make it almost impossible to do so by neglecting the 
condition of the streets and roads ? It is one of the 
gravest questions which a sanitary authority can enter- 
tain, whether they do not themselves contribute to the 
dirty condition in which we find the houses of poor 
people. And as to the question : Which are public 
roads ? it ought not to arise, for all roads which are 
used by the public ought to belong to the public 
authority. It is of frequent occurrence that roads, 
originally private ground, are thrown open to the use 
of the public without having been first properly made 
by their owners, and when the public authority is 
asked to take to these roads and keep them in repair 
they very properly object to do so until they have been 
put into a proper state of repair by the original owners ; 
but the public having used these roads— in some cases 
for many years— the original owners say the road is no 
longer private, and is now public ground. These con- 
tentions cause much difficulty, and are injurious to all 
parties concerned. The course of proceeding should 
be that when a road not properly made is thrown open 
to the public by the owner of adjoining property for 
the convenience of the tenants, the public authority 
should bar the road to carriage traffic until it shall 
have been properly made, and then take to it as a 
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public road. By allowing it to be used by the public 
before it is properly formed, the public authority create 
a difficulty for themselves, but by placing a bar across 
one end, upon the public road with which it communi- 
cates, the owner of the private road sees that it is his 
interest to make the road properly at once. But as a 
practical remedy for former laches on both sides it seems 
proper and just that all such roads now existing should 
be put in order with the assistance of the sanitary 
authority, and that in future a better system of proce- 
dure should be adopted ; for, besides the necessities of 
roadways in such cases, it is frequently a present 
necessity of the sanitary authority that sewers be laid 
in such roads. 



§ VL— DAMPNESS OF HOUSES. 

It is unnecessary to describe the many evil effects 
of dampness of the floors upon which, and the walls 
against which, people lodge. The chief cause of 
dampness of houses is the want of proper eaves- 
troughs and spouting to the roofs, and where the pre- 
caution has not been taken, in building the house, to 
lay a damp-proof course,' the evil effects are excessive. 
When there are eaves-troughs at all they are in many 
cases so narrow that either the rain-water of the 
slighter showers falls short of them, or that of the 
heavier showers overleaps them at their lower ends 
and for some distance upwards. They are in many 
cases no more than 3 in. in width. They should be 
5 in. The edges of the trough should be fixed at the 
upper end level with the edge of the eaves, and an 
inch or so within that edge all along the trough, so as 
to catch the slighter showers which drop sheer down. 
It is chiefly towards the lower end of the trough 
where the water runs over the edges, and besides being 
caused by the trough being too narrow in many cases, 
another, and a frequent cause, is the want of hopper- 
heads to the down pipes. We see a small hole cut in the 
bottom of the eaves-trough, and the down-pipe joined 
immediately to the trough. The mouth of the pipe is 
too small to admit the quantity of water due to the 
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capacity of the pipe itself. The full quantity of water 
that a pipe of given size is capable of conveying cannot 
enter it through a mouth of its own diameter merely, 
and it is necessary to enlarge the mouth of the pipe. 
This is done in the case of eaves-troughs by a separate 
wider piece, called a hopper-head. But where there 
are no eaves troughs at all we may see by a rough cal- 
culation how much water is poured down at the foot of 
a house-wall. If we take each slope of the roof of an 
average house to be 180 square ft., a rainfall of one- 
third of an inch in an hour amounts to more than thirty 
gallons in that time, poured down along the foot of the 
wall. And it should be noticed that the surface of the 
ground about house walls in rural districts is usually 
not so evenly flagged, or otherwise paved, as it is in 
towns, and therefore that the water does not so quickly 
run off, but lodges about the foundations to a much 
greater extent, and is absorbed by the walls and given 
off inside the house in vapour. This is especially so 
with stone walls. In hilly districts we sometimes find 
the surface of the ground at the back of a house 
several feet above the floor level, and no space left 
between the wall and the earth. Water falling from 
the roof in such a case makes the house unfit to live in. 
Everything put against or near the wall soon becomes 
mouldy, and it is first dragged further away, but for 
want of sufficient room it is soon put back again, and 
the consequence is that rheumatism and other diseases 
take hold of the inhabitants, and illness and inability 
to work ensue. 

The remedy in a case of this kind is to cut down 
the earth at the back and leave a clear space of a yard 
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or so between the wall and the earth. One foot below 
the floor level is a sufficient depth generally. It is 
easy to see how such cases have arisen ; the retaining 
wall necessary to be built to keep up the earth has 
been made use of as the back wall of the house. 



§ VIL— STORAGE OF RAIN-WATER FROM 
HOUSE-ROOFS. 

The rain-water falling upon the roofs of most houses 
of considerable size is caught and stored for use, 
thereby avoiding, to some extent, dampness of the 
foundations and other inconveniences* It is in the 
smaller houses we find this provision mostly neglected. 
Measurements of the areas of some thousands of 
house-roofs show an average roof area of about 860 
square feet per house. An average rainfall of 80 
inches per annum is not unusual, and if we reduce 
this to 24 inches we could probably collect most of 
that in tanks, for upon so steep a surface nearly all 
would run off; but allowing 6 inches in depth for 
evaporation, there would be left 18 inches in depth 
available for storage, which would amount to 540 cubic 
feet, or 8375 gallons in the year, which would yield a 
daily average supply of 9 gallons to the house. If all 
the rain-water is to be stored and used gradually and 
equably day by day, the capacity of the tank should 
be from about 1000 gallons in the western counties 
to about 2000 gallons in the eastern counties, but the 
rules of storage capacity applicable to water-works 
reservoirs do not apply in this case, because, in smafl 
houses, it is impossible to limit the quantity daily 
drawn out of the tank (although that is quite practi- 
cable in the case of a mansion), and if the proper 
average daily quantity be exceeded it throws out any 
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calculation which might be made on the basis of a 
given daily quantity to be used. If the tank be made 
to hold 1000 gallons, it will be of reasonably sufficient 
size for one house, and this- would be contained in a 
space 6 ft. square and 4| ft. deep, or in one 5 ft. 
square and 6J ft. deep. But, perhaps, the cheapest 
tank that can be made is a well. A circular well may 
be sunk, 5 ft. diameter, to a depth of 15 ft., and if the 
ground be a stiff retentive clay to that depth, a trial 
hole should be dug in the bottom to the depth of a 
foot or 18 inches to ascertain that the clay continues 
to a sufficient depth below the bottom of the well, the 
hole being carefully filled in again with puddled clay. 
The well may then be lined with half-brickwork in 
hydraulic lime mortar, leaving a clear diameter of 4 ft • 
3 in. If the bricks be laid dry the water will pass 
through the joints to the day at the back and dissolve 
it, and part of it will be washed into the well as the 
water-surface lowers ; and if the mortar be made of 
other than hydraulic lime it will be dissolved. Where 
the ground is porous this lining could not be depended 
upon to be sufficiently water-tight. In that case the 
brick lining should be of radiated bricks, with close 
vertical joints, and backed with puddled clay, 8 or 9 
inches in thickness. Instead of clay a common kind of 
asphalt may be used, composed of gas tar and any 
non-porous dry material screened through § in* 
meshes, and worked in the manner already described 
for dry cesspits (see § III.), hoth floor and backing 
of walls. The thickness of this need not be more than 
an inch, but care should be taken that it is not less 
in any part than £ an inch. In this case the radiated 



STORAGE OF RAIN-WATER. 51 

well bricks should also be laid with hydraulic mortar 
or with cement. 

Another method is to use no bricks at all, but to 
render the sides of the excavation with Portland ce- 
ment in three coats, the full thickness of the cement 
being not less than an inch. In this case it is very 
necessary that the sides be trimmed down to an exact 
circle. It has been objected to this method that the 
ground water may rise outside the tank above the level 
of the water within it, and, by its hydrostatic pressure, 
burst off the cement lining. This would probably be 
so if care were not taken to make the excavation cir- 
cular ; but that being done, and there being neces- 
sarily an equal external pressure all round the well, 
the cement ring would be put under a compression 
not greater, in all probability, than it could withstand. 
If it be desired to have a brick lining, and to coat the 
face of that with cement, the bricks should be laid dry, 
to prevent settlement of mortar joints. 

A well of the small diameter above stated may 
easily be covered with stone flags, or cast-iron plates, 
or it may be domed over. It is necessary to leave an 
air-hole in the cover, and to protect it with a hood so 
that it cannot be reached for mischief. 

Fig. 17 shows a section and Fig. 18 a plan of a rain- 
water tank of this kind. The leaves and other things 
which are brought down by the rain-water from the 
eaves troughs should be intercepted before they reach 
the well. This is done by placing a copper wire gauze 
screen across a small receptacle in which the deposit 
takes place, and from which it is removed from time to 
time and the gauze screen washed. 

s 2 
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The cost of a rain-water tank, made in the first- 
mentioned manner, will probably be about £7 

In the second 8 

In the third 8 

In the fourth 8 

in each case including the pump and all, complete. 

If we suppose the tank and pump to last, with a 
full allowance for repairs, only 80 years, there would 
be procured in that time 100,000 gallons of water. If 
we take the first cost at £6, and allow 2 per cent, per 
annum for repairs, or 2s. 6d. every year during the 80 
years, and add 3d. for redemption in 30 years at 5 per 
cent., and capitalise that combined annual payment at 
5 per cent., we shall add 55s. to the £6, making £8 15s., 
or say £9. For this sum, including prospective ex- 
penses for 30 years, a quantity of 100,000 and odd 
gallons of water would be procured, being at the rate 
of about Is. 9d. per 1000 gallons, or 48 gallons for a 
penny. 

If the first cost of the tank and pump be £8, and 
including the same percentage for repairs, &c, there 
would be procured 86 gallons for a penny. When we 
consider that when the rain-water is not stored for 
use in a locality where water is scarce and has to be 
fetched from long distances, or, if not actually fetched 
by the inhabitants, paid for at the rate of 4 or 6 gal- 
lons for Id., which is not an uncommon thing, the 
advantage of storing the rain-water of house-roofs is 
sufficiently apparent. 

Except for the expense, it is advantageous to catch 
the roof-water before it descends to the ground, so 
that from an elevated tank a pipe may be laid into the 
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house. This also affords facility for filtering the 
water. When the ground-water contains certain mi- 
neral properties, some persons find it disagree with 
their health, and are glad to drink filtered rain-water. 

The ordinary sand-filter, such as is in use on the 
large scale, cannot well be adapted to filtration on the 
small scale of the necessities of one small house. The 
area of a filter-bed is usually on the scale of about 
one-third of a square foot per head of the population, 
but we cannot make a filter for one house on the same 
scale, unless it be a mansion, or large house. In a 
general filter-bed the action is continuous, minute by 
minute, although the water is suddenly drawn from the 
mains in quantities of several gallons at intervals of an 
hour or two, taking house by house throughout a dis- 
trict. It is this intermittent action which makes the 
difference between the two cases. A general filter bed 
yields about 75 gallons of water in 24 hours per 
square foot of its area, but for the reasons stated we 
cannot reckon the size of a sand filter for one house 
on that scale. We frequently require to draw four or 
five gallons, or more, in a minute, and to obtain this 
quantity through a sand filter at the ordinary speed of 
descent would require a much larger area than would 
be practicable or convenient. 

The purification of water passing through any filter- 
bed takes place by reason of two separate actions upon 
it, first by straining out of it the solid matter in sus- 
pension, and secondly by bringing the oxygen of the 
atmosphere to act upon it so as to change any decaying 
organic matter which it may contain in solution into 
inorganic and harmless substances. The best filtering 
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medium, therefore, is that which at once excludes from 
its pores suspended solid particles and exposes the 
dissolved organic matter to the largest possible amount 
of atmospheric air. Fine sand, by reason of its hea- 
viness, lies too compactly in its body to comply with 
the latter requirement, while in its surface it is too 
porous to exclude all suspended matter. On the large 
scale this is of no practical inconvenience, because, 
although the solid matter may not be altogether 
arrested on the surface, but may penetrate the sand to 
the depth of an inch or two, it is easily removed by a 
regular attention, but the case of a small household 
filter is quite different; here no such regular attention 
is given, or could practically be given, to remove the 
solid material and replace it from time to time with 
fresh material. Some substance, therefore, must be 
used which is closer in its texture on the surface and 
more open in its body than a sand-bed is. Charcoal 
is a very porous substance, but the difficulty is to make 
the water pass through the pores ; for when the char- 
coal is in the form of lumps, however small, the water 
passes through amongst the interstices of the lumps or 
granules, and not through their pores, thus coating 
the surface of each lump or granule with the impurities 
of the water, and for a time, therefore, depriving the 
water of them, but afterwards allowing it to pass 
through unpurified, and even, after further use, giving 
off to it part of the accumulated impurities of the 
water which had previously passed through. This 
was found to be the result of passing water through a 
thickness of five inches of animal charcoal of a degree 
of fineness similar to that used in sugar refineries, 
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according to a paper read at the Institution of Civil 
Engineers, in 1867, by Mr. Edward Byrne. The ex- 
periments Mr, Byrne made were not considered con- 
clusive of the case, for there seemed to have been some 
peculiar property in* the water ; but, however that may 
have been, the experiments certainly did show that, 
after a certain quantity of water had passed through 
the filter, the remainder was in worse condition after 
than before it passed through. 

In the discussion of this paper, Dr. Letheby said 
that a cubic foot of animal charcoal, weighing from 
50 to 52 lbs., held within its pores four gallons of 
water, and that he had found by experiment that it 
was necessary that the water, to be purified, should 
remain in contact with the charcoal for at least one 
minute. In Mr. Byrne's experiments the time had 
been two and a half minutes. It was stated that the 
rate of filtration through the filters of the Water Puri- 
fying Company is 400 gallons a day, through a filter 
containing 80 lbs. of charcoal. 

Dr. Frankland said he had passed some of the Lon- 
don water through a stratum of animal charcoal, three 
feet thick, at the rate of more than 41,000 gallons per 
square foot in 24 hours, under a head of 80 feet. The 
charcoal was in granules, like coarse sawdust, and in 
the above-named instance more than one-half of the 
organic matter in the water was removed ; and, on redu- 
cing the rate of passage of the water to one-half, one- 
fourth, or one-tenth, the proportion removed was 
scarcely increased. It appeared, from experiments, 
that wood or other vegetable charcoal is inert in its 
action on organic matter in water. 
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Animal charcoal appears to have been applied to 
the filtration of water with some success by Mr. Atkins, 
of Fleet Street. The charcoal is reduced to powder 
and mixed with powdered vegetable and combustible 
matter ; and the combined powder is mixed with liquid 
pitch, and the mixture worked up and moulded into 
plates or blocks of any form. By thus moulding the 
charcoal into blocks, it is at once put into a convenient 
and portable form ; and the mud arrested on the sur- 
face is scraped off, after the plate, or frame of plates, 
or the block, has been removed from the water. For 
continuous use, a duplicate set is required ; as, indeed, 
is the case in any method of filtration. It would 
seem, however, that extreme care should be taken in 
fixing the plates in the grooves, to prevent the water 
passing through the joint between them. If they were 
to be permanently fixed, the joint might be easily 
cemented ; but, with a moveable plate, we should anti- 
cipate leakage of unfiltered water between the plate or 
frame of plates and the sides of the filter. 

When, however, as indeed often happens, a mansion 
or large house is without a sufficient supply of water, 
a very useful quantity may be obtained from the roofs. 
A much larger roof-area, in proportion to the number 
of persons living under it, exists in such cases as this 
than in small houses. If we take a large number of small 
houses, we find the average number of persons per 
house to be, say, five, and we find the average roof-area 
to be, say, 860 square feet, or it may be in some cases 
that the average is 400 square feet, or 80 square feet 
per head of population ; but, in the case of a mansion, 
the comparative roof-area is much larger, even when 
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Fig. 19. 
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the visitors are included. It is often as much as 200 
square feet for each person; and, taking 18 inches 
as the available depth of rain-water in an average year, 
the quantity would be 1875 gallons per head in the 
year, or, when regulated, 36 gallons per head per 
week. It is better, in this case, to reckon the quantity 
per week; because, in order to regulate the quantity, 
a service cistern must be constructed, to be filled by, 
say, the chief servant of the household periodically. 
If the quantity used during a week were equable, day 
by day, it would be sufficient to make a small cistern 
to hold one day's supply, and that it should be filled 
from the storage tank once a day ; but, as on some days 
of the week much more water is used than on others, 
it is better to make the service-cistern to hold a week's 
supply. Without some regulation of this kind, there 
would be no certainty of the storage lasting over a 
drought ; and it is because this regulation cannot be 
practically and generally maintained in small houses, 
that the rule of storage capacity of reservoirs cannot 
be applied. When the water can be regulated, say 
weekly, the capacity of the storage tank may be 120 
days' (average) supply, in the western counties ; and 
may vary from that capacity to twice as much in the 
eastern counties. 



§ VIII.— CONTAMINATION OF WELL- 
WATER. 

The sources of contamination of well-water are : — 
(1), privy cesspools which are not water-tight, and 
from which rain-water is not excluded ; (2), soakage 
of the top-water into the ground and thence into the 
wells, conveying with it refuse matter from the surface ; 
(3), house-drains which lie near the well, and which 
allow the house-slops to percolate through the joints 
into the surrounding ground, from which they grad- 
ually soak into the well; and (4), unless the drain 
consists of pipes closely jointed, rats are a frequent 
cause of contamination of wells near which house- 
drains lie ; for rats seem to have a peculiar instinct in 
finding their way through the ground direct to water, 
and, although the water in the well may be out of their 
reach, it is possible that in their efforts to reach it 
some of them drop in ; but, even if that should not be 
so, refuse liquids may find their way through the holes 
they make from the drain to the. well. 

There are three kinds of wells : — (1), pump-wells, 
(2), draw-wells, and (3), dipping-wells, and the above- 
named forms of contamination are common to them 
all; but a draw-well is liable to contamination of 
another kind. The cover is necessarily moveable, and 
is usually on the same level as the surface of the 
ground. The cover is often left open, and small 
animals, such as dogs, cats, and rats, sometimes fall 
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in ; and, the occurrence being unknown, the animals 
decay there and contaminate the water, the cause of 
the consequent illness of the persons who drink the 
water being probably undiscovered. 

Unless wells be provided with pumps, the rim or 
edge-curbing should be raised above the surface of the 
ground, and a step or two made for persons to ascend 
to draw the water. 

Dipping- wells are also subject to contamination 
from other sources. The cans, buckets, and pails 
used are set down in dirty places about the house, and 
the dirt is carried to the well and washed off in the act 
of dipping. Also, every time anything is dipped into 
the water, it is stirred up and muddied for the next 
person who comes. Another source of pollution of an 
open well-hole is the mischief of children, and where 
the situation is public this cannot be prevented. A 
dipping- well the water of which is used for domestic 
purposes, ought not to be allowed to exist. Every 
opening should be completely closed, except one for 
ventilation, which should be protected by a hood, so 
that it cannot be reached, and another for the over- 
flow of water, which should likewise be shielded ; and 
the water should be procured by means of a pump. 
These dipping-wells are weak springs, and as the over- 
flow of water may probably be frequent, a cattle-trough 
may be so placed as to receive the overflow : in public 
places this is of great use. The pump should be 
wholly enclosed within the well, and a horizontal shaft 
or spindle should traverse the well from wall to wall, 
carrying upon it an arm to work the pump-bucket, 
having only its end projecting through the wall, upon 
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which is fitted a simple lever or handle 18 inches 
or so in length. Being wholly enclosed or bricked up, 
the pump barrel should be lined with brass or gun 
metal, and truly bored out, and, indeed, well and truly 
fitted in every respect, so as to prevent the need of 
frequent repairs, which is a too common need of many 
pumps. 




SECTION 



ELEVATION 



Fig. 22. 




Figs. 20, 21, and 22, show respectively a section, 
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an elevation, and a plan of such an enclosed pump, the 
handle alone being outside the brickwork. Under the 
spout is a dog-trough, 24 in. xl2 in. x4 in., across 
the middle of which are two iron bars, upon which the 
bucket or pail is set. At one end of the trough there 
is a lip, an inch below the edges of the trough, over 
which the surplus water flows into the drain, through 
a small grating. The pump, and the shoot or spout, 
are of cast-iron ; the working barrel lined with brass, 
and the foot-valve is also of brass. It is important 
that this valve should be well fitted, because of the 
small head of water upon it to keep it tight. Two lugs 
are cast upon the pump barrel, one near the top and 
the other near the bottom, which are bolted to two 
cross pieces of wood, built into the brickwork, to hold 
the pump steady. 

These pumps are made at a cost of about 50s. each, 
and the rest of the work costs about the same. As to 
the trough, it should be a shallow one, to hold about 8 
or 4 inches depth of water only, for if it be made deep 
enough to dip into, the children who are sent for water 
for the household — and it is children mostly who fetch 
the water under the circumstances now under consi- 
deration — would fill their pails with the contaminated 
water of the trough, after the well-water is exhausted, 
which is a very common occurrence in dry weather. 

Weak springs, as many of these are, although the 
water may be of good quality, yield but a very in- 
adequate quantity for the number of persons resorting 
to them. While they remain open dipping-places, 
persons who come to fetch water, and see the depth 
insufficient to dip into, wait (sometimes for a long time) 
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until they can dip their pail or other vessel ; but when 
the water is boxed in and a pump fixed, they exhaust 
the supply of water quickly, and are too apt to say 
that the new pump is no benefit to them, or that they 
would rather have the old dipping hole again. But as 
this arises from thoughtlessness, time will probably 
convince them that they had better have of good 
quality what water the well-hole yields than have it 
polluted. 

It is more difficult to arrange a proper water-supply 
in a rural district than in a town. Eural sanitary 
districts contain many aggregations of population of 
2,000, 3,000, and 5,000 ; and it is these places which 
are the most difficult to deal with in respect of the 
water-supply. Take, for instance, one parish of, say 
4,000 population, in a dozen parishes constituting the 
Rural Sanitary District of, say 20,000 or 30,000 popula- 
tion, living on about as many acres of ground : three- 
fourths of the population of the parish may be con- 
gregated on 100 acres, the other thousand being dis- 
tributed in something like the following manner : — 100 
at A, 200 at B, 300 at C, and 400 at D. Now, leaving 
out of the question how three-fourths of the popula- 
tion of the parish may be supplied, those designated 
A, B, C, and D, will probably all procure water for 
domestic purposes from sources liable to contamin- 
ation from passing persons and animals, whether acr 
cidental or wilful. But supposing a satisfactory water- 
supply to be arranged for the main portion (say the 
3,000) of the population, it would probably not pay, at 
the current water-rate, to supply the small outlying 
places — the other fourth ; although, living within the 
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same sanitary district, they may very properly say they 
have the right to be supplied equally with those who 
live more centrally in the same district, providing they 
are willing to pay the current water-rate on the value 
of the house. But if the sanitary authority must 
include these outside people, the water-rate upon 
those more centrally situated must be increased, so 
that an average rate may be struck for the whole dis- 
trict. It is therefore advisable to protect and render 
as useful as possible all the small sources of water in 
the outlying parts, so that the inhabitants may procure, 
in a tolerably pure state, whatever quantity these small 
sources yield. 

There is little or no doubt that the average rate of 
mortality of some of the Sub-districts of Eegistration 
is unduly swelled by excessive mortality in small out- 
lying places, and that if these could be kept within the 
average of the district that average would be consider- 
ably less than it is noW ; and who knows how far the 
unwholesome water of these outlying places con- 
tributes to swell the bill ? 

The section of the Act which relates to this subject 
is the 70th, as follows : — " On the representation of 
any person to any local authority that within their 
district the water in any well, tank, or cistern, public 
or- private, or supplied from any public pump, and 
used or likely to be used by man for drinking or 
domestic purposes, or for manufacturing drinks for 
the use of man, is so polluted as to be injurious to 
health, such authority may apply to a court of sum- 
mary jurisdiction for an order to remedy the same ; 
and thereupon such court shall summon the owner or 
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occupier of the premises to which the well, tank, or 
cistern belongs, if it be private, or in the case of a 
public well, tank, cistern or pump, any person alleged 
in the application to be interested in the same ; and 
may either dismiss the application or may make an 
order directing the well, tank, cistern, or pump, to ba 
permanently or temporarily closed, or the water to be 
used for certain purposes only, or such other order aa 
may seem to them to be requisite to prevent injury to 
the health of persons drinking the water." 

The court may order the water to be analysed, and 
if the person on whom an order is made fails to com- 
ply with the same, the court may, on the application 
of the local authority, authorise them to do whatever 
may be necessary in the execution of the order, and 
expenses may be recovered from the person on whom 
the order is made. 
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THE SMALLER TOWNS AND IN VILLAGES. 



PART II. 

DBAINAGE. 



§ IX.— HOUSE-DRAINS AND SEWERS. 

Definition. — Drains and Sewers are sometimes 
spoken of indiscriminately, but it is necessary, for 
convenience sake, to make a distinction. Again, 
house-drains and land-drains are distinct in their 
functions, the one draining surface-water and the 
other ground-water. We define a house-drain to 
be a channel (whether open or covered) which con- 
veys away from a house, or from a few houses, 
the refuse liquids, together with such solid matter 
as may be in suspension and solution in them; 
and a sewer to be a channel (whether open or 
covered) which receives the contents of two or more 
house-drains ; a main sewer, one which receives the 
contents of two or more other (subsidiary) sewers; 
and a trunk or outfall sewer, one which receives the 
contents of all other sewers belonging to the same 
system. 



70 SANITABY WORK. 

Sewers may act as land drains. — A sewer may, 
by constructing it in a certain manner, be made 
to admit ground- water ; and, in argument whether 
a sewer should be made to remove the wetness of 
ground through which it may be laid, the subject 
may be argued on the understanding that a sewer, 
made in a certain manner, will act as a drain, while, if 
made in a certain other manner, it will be impervious, 
and therefore not a drain-sewer. It is a question to 
be determined rather by the doctor than by the en- 
gineer whether the dampness of ground under and near 
dwelling-houses should be removed: if so, the only 
question for the consideration of the engineer is how 
far the drainage of the ground may assume the form of 
a run of water sufficiently quick to carry with it fine 
particles of earth or sand into the sewer, and so induce 
a settlement of the ground and consequent danger to 
the stability of buildings. In merely damp ground 
this would not occur, and it is in this kind of ground 
where the method seems most beneficial. 

When the sewage (sewage being that which flows 
through drains and sewers, whatever it may consist of,) 
of several houses belonging to different owners is 
brought into one drain, before it enters a sewer, this 
drain is a main drain, as when, by agreement between 
owners of adjoining houses, one drain, laid along the 
backs of their respective houses, drains them all before 
it debouches at the lowermost into a sewer. 

Another method of distinction is that drains are 
those channels which belong to houses as private 
property, without reference to the number of houses 
drained by each, and that sewers are such channels as 
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belong to the public. Practically, the results of the 
two methods coincide in most cases. 

Old Water-courses. — In Kural Sanitary Districts 
perplexing questions arise as to whose duty it is 
to repair, alter, or amend certain watercourses into 
which house-sewage and road-water have been turned 
from time to time, and which lie through private 
lands. These were originally, no doubt, the natural 
outlets of the rainfall, and, as such, belonged to 
the owners of the adjoining land, each one having 
the use of it as far as his land extended, and being 
responsible for its condition. So long as that 
which came into such a water-course was rain-water 
only, all that was necessary was to provide for its 
passage, without reference to the form of the channel ; 
but when houses have been built within the watershed 
of such a channel, the sewage has been from time to 
time turned into it by house-owners who have had no 
original rights in the land adjoining it. This has 
oome about in the following manner :— Roads have 
been formed in a direction across this original water- 
course, the road ditches having their outlet into it. 
Houses have been built adjoining the road. The open 
ditches having been found to be inconvenient, a culvert 
has been laid to carry off the road-water, and the 
ditches have been filled up. This has been done 
either in whole by the parish vestry or in parts by the 
house-owners as far as their respective frontages have 
extended, the parish authority completing the culvert 
in other parts. Then, from time to time, the house- 
sewage has been turned into these culverts, and so the 
main watercourse has become an open sewer, used by 
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the public ; but its form is such that the sewage lodges 
in it and becomes a nuisance. Presently the sanitary 
authority is appointed, and it is desired that the 
nuisance shall be done away with. The question then 
arises — Is this a public sewer ? for if so, the sanitary 
authority ought to amend its form so that the sewage 
may be properly carried off. 

The usual remedy, and an effectual one, for a case 
of this kind, is to lay an intercepting sewer for the 
house-sewage, taking it along such public roads as 
may be practicable and convenient, and through pri- 
vate lands where it may be necessary, under the 
powers of the Act. It is one of the principles of 
sewerage that natural watercourses should not be 
converted into sewers, but should be left to perform 
their proper function of carrying off rain-water, and 
especially storm-waters. Such an intercepting sewer 
is, of course, laid by the sanitary authority. 

There are cases, however, where the area of ground 
naturally draining into a watercourse of this kind is 
small, which may be treated as exceptions to the * 
rule, and where such a watercourse may be continued 
to be used as a main sewer, either covered or open, or 
covered in some parts of its course and open in others. 

In such a case, where the ground is very steep, and 
where floods have formerly torn up the bottom of the 
old water-course and brought down the sides, but 
where, nevertheless, there would have been great diffi- 
culty in carrying the sewage in another direction by an 
intercepting sewer, I have deemed it advisable to allow 
the old watercourse to continue to be used as a sewer. 
To prevent sewage lodging in the rough bottom of the 
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old watercourse, I have laid in a brick invert, on con- 
crete, as shown in figs. 23 and 24. To check the too 
great rush of water in flood times I have formed the 
bottom in steps, as shown. 

In steep ground, such as this, a covered sewer is 
almost like a flue, up which the gases ascend rapidly 
from the lower levels, and blow out at any opening 
there may be, and in this case the lower end of the 
sewer is covered, and is in communication with other 
sewers at lower levels, so that in the part now under 
notice, and where it was not absolutely necessary to 

Fig. 23. 




LONGITUDINAL SECTION 
Fig. 24. 
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cover it, it has been left wholly open, thereby break- 
ing the connection of the covered sewers at the lower 
levels with those at the higher levels. 

House drains everywhere necessary. — The necessi- 
ties of urban and rural sanitary districts are different 
in degree but not in kind, and it is the degree that 
is the important thing to be considered in each 
rural sanitary district, according to the density of 
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population and other circumstances. This question 
of degree, however, applies to works of combination, 
such as sewers, and not to individual works, such 
as house drains. Every house in a rural sanitary 
district requires a drain to carry off the house-slops, 
as well as every house in a town; but the sewage 
may in some cases be satisfactorily disposed of without 
any system of sewers, where the houses are widely 
separated from each other. 

Properties of a sewage flow. — The properties of a 
sewage flow are (1) its viscidity; (2) its velocity, which 
depends upon two subsidiary properties, viz., the 
hydraulic mean depth of the stream and its inclina- 
tion ; and (3) the scouring action of the stream upon 
the bottom of the channel. 

In respect of the first of these we may take it to 
be the same as that of water. 

In respect of the second property, if the cross 
sectional area of a stream be divided by the width 
of its cross section, measured along its bed, the result 
is the hydraulic mean depth ; and the greater this 
depth the greater is the velocity, if the inclination 
remains the same. 

Velocity of a sewage flow. — The flow of a liquid is 
influenced by the friction between it and the channel 
through which it runs, and it is retarded, more or 
less, accordingly as the extent of the surface of the 
channel with which it flows in contact is great or 
small, in relation to the quantity of liquid flowing 
through the channel. The quantity of liquid dis- 
sharged by any channel of given size, as a pipe of 
given diameter, is the result of the sectional area 
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of the stream multiplied into its velocity. It is de- 
sirable that the velocity of the sewage should be 
considerable. In circular pipes the least extent of 
surface is offered, in relation to the quantity dis- 
charged, and therefore the least obstruction to the 
flow of sewage, when the sewage half fills the pipe, 
in all cases within the limits of practice. 

Solid deposit. — The third property is necessary to be 
considered so that stoppages of the sewer or drain may 
not take place from the accumulation of solid matter. 
In Beardniore's " Hydraulic Tables " it is stated that 

30 feet per minute will not disturb clay with sand and stones. 

40 ,, will sweep along coarse sand. 

60 ,, ,, fine gravel. 

120 ,, ,, rounded pebbles. 

180 ,, „ angular stones. 

These, except the first, coincide with Du Buat's 
experiments. 

In Rankine's " Manual of Civil Engineering " are 
stated, not the velocities which will move solid matter 
along, but the greatest velocities of the current close 
to the bed consistent with its stability ; thus — 

Soft clay . . . . . .0*25 feet per second. 



Fine sand ...... 


0'50 , 


Coarse sand and gravel as large as peas . 


070 


Gravel as large as French beans . . 


1-00 , 


Gravel 1 inch diameter 


2*25 


Pebbles 1£ inch diameter . . . 


3-33 


Heavy shingle 


4-00 



Mr. Neville gives the following in the third edition of 
his " Hydraulic Tables, Co-efficients, and Formulae," 
recently issued by the publishers of this work. 
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Speaking of rivers, he says (p. 258), " The mean 
velocity must not be too quick, and should be so deter- 
mined as to suit the tenacity and resistance of the 
channel, otherwise the bed and banks will change 
continually, unless artificially protected ; it should not 
exceed 

25 feet per minute in soft alluvial deposits. 
40 „ clayey beds. 



60 
120 
180 
240 



sandy and silty beds. 

gravelly. 

strong gravelly shingle. 

shingly. " 



Although in the regimen of rivers it is an object to 
restrict the velocity so that the materials of the bed 
may not be worn away, and in sewers it is an object 
to increase the velocity so that deposit shall be carried 
away, still a useful comparison may be made between 
this table and the others herein given. 

Mr. Wicksteed made some experiments with a 
channel having a semicircular bottom (Du Buat had 
operated on a channel sometimes rectangular and 
sometimes trapezoidal, whose greatest breadth was 
18 in., and depth from 8 to 9 in.), and he found that 
with a bottom velocity of 12 \ in. per second, coarse 
sand, small pebbles, and rounded stdnes, and pieces of 
brick 2 in. diameter, were carried along, the larger 
ones moving rapidly and stirring up the sand and 
small stones, which moved slowly. With a velocity of 
21| inches per second iron borings, together with all 
the previous substances, and pieces of brick 3 in. 
across, were carried along. In these experiments the 
fall of the surface of the water and the bottom of the 
channel were the same, viz., 1 in 139. 
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Experiments were then made with a level bottom, 
and a sufficient supply of water admitted into the 
channel to produce a surface velocity of 82 J in. per 
second, which would indicate a bottom velocity of 
about 20 in., or, according to some authorities, 22 or 
28 in., and with this velocity, on a level bottom, half 
and three quarter bricks, together with the substances 
before named, were rolled along, turning over and over. 

Surface, mean, and bottom velocities. — It is difficult 
to measure the bottom velocity in any actual stream, 
and the experiments of different persons do not show 
any close agreement in the results arrived at, in respect 
of the relation which the bottom velocity bears to the 
surface velocity. 

In Dr. John Kobison's " Mechanical Philosophy " 
it is stated that the differences between the velocities at 
the surface and the velocities at the bottom of streams 
are proportional to the square roots of the velocities 
at the surface. The mean velocity is the arithmetical 
mean between the surface and bottom velocities. In 
a general way, if unity be taken from the square root 
of the surface velocity in inches per second, the square 
of the remainder is the velocity at the bottom. 

Dr. Eankine says that the least velocity, or that of 
the particles in contact with the bed, is about as much 
less than the mean velocity as the greatest velocity is 
greater than the mean, that is, that the least, the mean, 
and the greatest velocities may be taken as bearing to 
each other nearly the proportions of 3, 4, and 5. 

Mr. Bazalgette stated, in a paper read at the Insti- 
tution of Civil Engineers, on the metropolitan main 
drainage, that he had designed the work so that there 
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should be a mean velocity of not less than 1£ mile in 
an hour, when the sewers run half full, which is 
132 ft. per minute, or 2*2 ft. per second, the bottom 
velocity of which, according to the above-named ratio, 
would be 99 ft. per minute, or 1 # 65 ft. per second. 

According to the experiments precedently named 
this bottom velocity would " sweep along fine gravel," 
or "gravel as large as French beans," or "coarse 
sand, small pebbles, and rounded stones, and pieces of 
brick 2 in. diameter." 

From these and from our own observations we may 
say that the bottom velocity of a sewage stream ought 
never to be less than 18 in. per second, or the mean 
velocity less than 2 ft. per second. With the quick 
fall which may usually be given to house- drains a 
mean velocity of 3 ft. per second may easily be 
obtained, if the pipes be not made too large. 

Qualities of house drain and sewer pipes. — One of 
the first requisites of a house-drain or sewer pipe is 
that it be perfectly circular, and another that it be 
smooth. The kind of clay of which drain-pipes 
are sometimes made, and the mode of manufacture, 
are such that during the process they fall out of shape 
and become non-circular at the ends. This irregu- 
larity of shape in adjoining pipes in the same drain 
causes obstructions to the solid matter of the sewage, 
obstructions which are cumulative, and which are not 
found out for a long time after their commencement, 
causing a generally foul state of the drain, and one 
from which large quantities of foul gases are given oflf, 
which travel upwards along the drain to the house. 

There are three kinds of earthenware pipes in use 
for house-drains and sewers. 
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1. " Earthenware " pipes, which are made at many 
brickyards, but of one kind of clay only at each. 
Very few of these stand the heat necessary to vitrify 
them thoroughly and yet retain their shape, and they 
cannot be made so smooth inside as is desirable for 
house-drains and sewers. 

2. Stoneware pipes. These are made of a mixture 
of clays which burn mostly of a light colour, and 
sometimes there is an admixture of previously burnt 
clays broken up, and other substances, and the mix- 
ture of which they are made will* stand great heat in 
burning, while yet the pipes mostly retain their form. 
These pipes can be, and mostly are, glazed with 
common salt during the later stages of firing. They 
are usually 2 ft. in length, excluding the socket, which 
is 1 J in. deep in the 3-in. and 4-in. pipes, If in. deep in 
the 6-in. pipes, 2 in. deep in the 9-in. and 12-in., and 
2J in. in the 15-in. pipes. The thickness of the 3-in. 
pipes is usually f in., of the 4-in. pipes J in., 6-in. pipes 
f in., 9-in. pipes f in., 12-in. pjpes 1 in., and 15-in. 
pipes 1£ in., and those made by Messrs. Stiff and 
Sons weigh respectively about 12 lbs., 16 lbs., 29 lbs., 
52 lbs., 86 lbs., and 126 lbs. 

Other pipes are made of fire-clay, and these are 
usually thicker than stoneware pipes, except the 
smaller sizes of 3 in. and 4 in., which are the same. 

When there may be a special reason for requiring 
greater strength to resist external pressure than the 
ordinary stoneware pipes will resist, or than it would be 
prudent to subject them to, fire-clay pipes may be 
made of any thickness required ; but stoneware pipes, 
as well as some kinds of earthenware pipes, will resist 
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considerable external pressure. When Mr. Kawlinson 
some years ago read a paper on the drainage of 
towns at the Institution of Civil Engineers, Mr. 
Doulton said he had tried the strength of some pipes 
made by his firm, with the following results. The 
pipes experimented on were two feet long ; each pipe 
was supported at the ends on blocks ; a piece of wood 
twelve inches long was laid on the middle, and the 
weight was gradually increased until fracture ensued. 
The following were the results : — 



Diameter 
of pipe. 



15 in. 

12 in. 

9 in. 



Thickness. 



Weight on 
12 in. square. 



Weight over the entire 
surface of the pipe. 



I and £ 
i 



cwts. qrs. 
31 3 
53 3 
64 3 



tons. cwts. qrs. 

7 11 

8 13 2 
8 18 3 



But it would not be prudent to accept these as the 
breaking weights of all stoneware pipes of like diameter 
and thickness, even of the same make, for one or a 
few in a great number might fail with very much 
less weight. Moreover, it would be contrary to all 
engineering practice to allow an actual weight even to 
approach any known breaking weight. 

Inclination of house-drains. — There is usually no 
difficulty in giving a sufficient fall to house-drains, if 
the pipes be true in form and evenly laid (and no fall 
whatever will compensate for defects in either of these 
respects). A moderate fall, and yet a sufficient one, is 
1 in 60, or 2 in* in 10 ft., for the body of the drain, and 
1 in 80 for the branches. 

Sizes of house-drains — The proper size of a sewer 
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or drain must be determined upon a consideration of 
the laws of hydraulics, moderated by knowledge de- 
rived from experience. This is necessary; for by 
the former alone we should find that a pipe of 
but two or three inches diameter is sufficient for 
half a dozen houses, even with the small inclination 
sometimes given to house drains, but we know by 
experience that the diameter should not be less than 
six inches, on grounds distinct from hydraulic laws. 
But the requisite size of a house drain is often over- 
estimated. A pipe six inches internal diameter is suffi- 
ciently large for the drain of the largest house, and it 
is not too large for the smallest house. A house drain 
frequently has several branches, and each branch may 
be four inches diameter. A 4-in. pipe would indeed be 
sufficiently large for the whole length of the drain in 
respect of its capacity to carry off the quantity of 
sewage running from the house, but from the careless- 
ness of persons a solid article — much too large and 
heavy — sometimes gets into the drain, and in a 4-in. 
pipe this fills up too much of the space to allow 
the sewage to pass it. If, then, the obstruction takes 
place at some unknown part of the body of the drain 
there is great trouble in finding it, but when each in- 
dividual branch is but 3 in. or 4 in. diameter a solid 
article is more likely to be caught before it gets as far 
as the 6-in. pipe, and when a stoppage is caused by 
such an article its position may generally be ascer- 
tained to be at or near an inlet of the drain, and may 
be removed at once without much searching. If, 
however, it get through the branch, and the drain be 
6-in. diameter, it will probably not obstruct the sewage 
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altogether, but will be gradually moved down towards 
the end of the drain by the occasional flushes of water, 
and will probably be carried down to the outfall with- 
out further inconvenience. 

For this reason the body of a house drain should 
not be less than 6 in. diameter, although the branches 
may be 4 in. 

A concise and useful formula for our present pur- 
pose is that of Eytelwein, given in Tredgold's " Tracts 
on Hydraulics," viz., that the mean velocity per second 
of a stream of water of similar form to those we are 
now considering is about nine-tenths (more accurately 
ten-elevenths) of a mean proportional between the 
hydraulic mean depth and the fall in two English 
miles, supposing the channel to be prolonged so far. 
The mean velocity per second of any such stream may 
therefore be represented generally thus : — 

h = the hydraulic mean depth, 
/= the fall in two miles, 
and v = the mean velocity sought. 
When v = *9 sfhTf, 

or, as it is more convenient to take small quantities 
like these per minute, v = 54 \/ hf — the mean velo- 
city per minute; and this velocity multiplied into the 
sectional area of the stream gives the cubic quantity 
discharged. 

Discharge of a 6-in. pipe. — The velocity in a 6in. 
pipe running half full, and having a fall of 1 in 60, 
would be fully 250 feet per minute, and this multi- 
plied into the sectional area of the stream would give 
a discharge of 24 cubic feet per minute, or 150 gallons. 
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If we take the faU to be 1 in 120,/= 88, and 
$ V hf = a mean velocity of nearly 8 feet per second, 
or 180 per minute, which would give a discharge of 
fully 100 gallons per minute. 

No household discharges so much sewage as this. 
The velocity, however, will be less than that above 
stated so long as the sewage does not half fill the pipe, 
which it will seldom do in a 6in. pipe, even when it 
drains half-a-dozen houses, with a fall of 1 in 60, 
unless the rain-water of an unusually large area be 
turned into it. 

The only direct rain-water that it is necessary to 
turn into a house drain is that falling upon the ground 
surface of the back premises of houses. That falling 
«upon the roofs may be, and certainly should be, 
■caught and stored for use, and sent into the drains 
after use. As to the area of the ground surface of 
the back premises of houses drained directly into the 
house drains, numerous observations and measure- 
ments show that it seldom exceeds the area of the 
house roof, and this, as has been before stated, has 
been found by the measurement of several thousand 
house-roofs to average about 360 square feet. If we 
say that the direct rainfall to be carried off by the 
house drain as fast as it falls is that due to an area of 
S60 square feet, that is rather to overstate than un- 
derstate the average area of small houses, 

A house drain should carry off as fast as it falls the 
greatest rainfall from the area draining directly into 
it, together with the greatest quantity of house-sewage 
that may be discharged at the same time. If we take 
the quantity of water resulting from a depth of raia 
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of 2 in. in an hour over an area, of 860 square feet 
as the quantity to be carried off, the discharge to be 
provided for would be 60 cubic feet in the hour, or 1 
cubic foot per minute. But say that during some 
short part of the hour the quantity might be twice the 
average, or 2 cubic feet per minute. 

The maximum quantity of sewage discharged per 
minute from one house does not exceed 2 cubic feet 
per minute, and that only very rarely. 

If we suppose this to occur at the same time as the 
heavy rainfall above stated, which is not impossible, 
the quantity the drain must be capable of discharging 
is 4 cubic feet per minute per house. 

Keferring to the calculated discharge of a 6-in. pipe 
when half full, and with a fall of 1 in 60, viz., 15Q 
gallons per] minute, or 24 cubic feet, we see that 
with that fall a 6 in. pipe is sufficient for six houses ; 
but how often do we see and hear of owners of house- 
property being advised to lay down 9-in. pipes when 
several houses are to be drained by one drain, and 
sometimes even when only one house is to be drained? 
It is quite as easy to fall into the error of la3dng 
down too large a pipe as one too small, and of the 
two that error is the more often made. 

The few calculations given above are not intended 
to prove anything which is not already well known to 
those accustomed to this kind of work, for they neither 
make nor require such calculations, but only to prove 
to those who are inclined to lay down pipes of too great 
size that they not only do no good by it, but harm. 

The causes of stoppages of house drains and sewers. — 
Certainly many drain and sewer pipes have become 
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-choked with solid sewage, and the fault has been 
mostly attributed to the supposed too small size, 
whereas the proper reason has more probably been 
that they have been badly laid, badly jointed, or of 
irregular form. As to the form of drain pipes it has 
already been said that they should be truly circular. 
As to the laying, sufficient care is often not taken to 
make the bottom of the trench of uniform inclination ; 
and as to the jointing, carelessness in this respect is 
the chief cause of stoppage. 

In very stiff and retentive clay sewage cannot escape 
far away through bad joints, but it is certain (from 
actual observations) that wherever the ground is at 
all porous, large quantities of liquid escape through 
imperfect joints of drain and sewer-pipes. The liquid 
is the carrier of the solid portions, which have a con- 
stant tendency to settle to the bottom of the pipe, 
and if the liquid be insufficient in quantity to cause 
the necessary velocity (that is, if it be allowed to 
•escape at the joints), the solid part of the sewage 
necessarily settles and chokes up the drain. And to 
be convinced of the extreme importance of attention 
to the jointing, it is only necessary to consider that 
during all the time this accumulation of solid sewage 
is taking place the drain is, in fact, a long cesspool, 
one end of which adjoins a dwelling-house. 

When 6 in. pipes have become choked with solid 
sewage it has often been supposed that that is too 
small a size for a house-drain, and 9 in. or larger pipes 
have been recommended as a remedy, instead of attri- 
buting the fault to its probably true cause — the in- 
efficient jointing of the pipes. But if a drain be so 
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laid that stoppage occurs from accumulation of solid 
sewage, the sooner the stoppage takes place the better,, 
for as it takes a longer time to fill a 9 in. than a 6 in., 
pipe with solid matter, so much the longer does the 
injurious action go on. 

Jointing. — The pipes of house-drains and sewers are 
usually jointed with clay or with cement. Clay is pre- 
ferable where there is a probability that a pipe may 
require removal in order to insert a junction pipe at 
some time after the drain has been laid. When clay is* 
used it should be well worked together outside the 
trench, and made of a consistency sufficiently tough 
to allow a band of it a foot long to be suspended 
without breaking. A band of well-tempered clay being 
thus made, by taking a lump of it and rolling it out 
on a planed board and flattening it out to a width of 
2 in. and a thickness of £ in., it is to be laid round the- 
lower half of each socket, after the pipe has been laid in 
place, before the spigot-end of the next pipe is inserted. 

A good pipe layer will draw up the spigot-end of 
each pipe until it touches the upper part of the socket ; 
and then, when the pipe has been drawn "home, ,r 
will let it drop vertically upon the clay band in the 
lower half of the socket, thus avoiding disturbance of 
the jointing material, and leaving no space between; 
the ends of adjoining pipes. 

When cement is used there is danger of its getting 
through into the interior of the pipe, there settings 
and causing ugly lumps and obstructions. To prevent 
this, Mr. Latham recommends that several strands, 
of tarred gaskin, of sufficient thickness to fill the 
socket tightly, should be forced into it. 
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Another method is to fill the lower half of the joint 
with mastic. Almost any finely disintegrated mate- 
rial mixed with a sufficient quantity of melted coal- 
tar pitch, with which is mixed also a proportionate 
quantity of the oil of the tar, makes a substance at 
once indissoluble in water, or in the dilute acids con- 
tained in sewage, and sufficiently dense to make a 
water-tight joint. 

The upper half of the joint should be left open 
(whatever the lower half be jointed with) to drain the 
ground, a barrowfull of gravel or other hard dry ma- 
terial, as brick rubbish, being placed over each socket 
before the earth is filled into the trench. 

Fi". 25. 
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joint which may probably be made efficient, " casting 
upon the spigot and in the socket of each pipe, by 
means of moulds prepared for that purpose, rings of 
cheap and durable material, which, when put together, 
fit mechanically into each other." But in these pipes, 
as made, the joint is close all round, and does not 
admit of the ground being drained through the upper 
half of the socket. 

In June, 1869, a paper was read before the Geo- 
logical Society of London by Mr. William Whitaker, 
B.A., F.G.S., on the connection of the geological 
structure and the physical features of the south-east of 
England, with the consumption death-rate. The sub- 
ject had already been discussed in detail (Report of the 
Medical Officer of the Privy Council for 1867, pp. 14 
—17, and 57—110), yet Mr. Whitaker thought it 
would be well to state the chief facts of the case from 
a geological point of view, the method of investigation 
followed, and the conclusions come to. 

Dr. Buchanan had previously been appointed by the 
Privy Council to inquire into the results of sanitary 
improvements in England. With this object he visited 
twenty-five large towns in which various works, de- 
signed to promote the public health, had been for 
some years in operation, and his investigations led to 
the conclusion that consumption had been very mate- 
rially affected. This disease, however, had not de- 
creased in all cases, and on examination it turned out 
that the lowering of the consumption death-rate went 
along with the decrease of water in the subsoil by 
improved drainage; and this led Dr. Buchanan to 
suggest that it might be well to see whether natural 
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causes which affect the saturation of the subsoil, had 
not also some connection with consumption; or, in 
other words, whether places on those geological forma- 
tions which allowed the free drainage of water would 
not have a lower consumption death-rate than places 
on less pervious or damper beds. 

As in the south-east of England the surface-deposits 
of gravel as well as the regular formations of clay and 
other strata were shown upon the geological maps, 
that part of the country was chosen for investigation, 
and divided into 58 districts, Mr. Whitaker being 
associated with Dr. Buchanan in the inquiry. The 
plan was " to select out of the 58 districts such as are 
most comparable with each other in regard of their 
position and geological structure, and to see how their 
phthisis is affected by the perviousness or impervious- 
ness, elevation or lowness, slope or flatness, in the 
members of such more limited series. ,, The results 
were as follow : — 

(1) On pervious soils there is less consumption than 

on impervious soils. 

(2) On high-lying pervious soils there is less con- 

sumption than on low-lying pervious soils. 

(3) On sloping impervious soils there is less con- 

sumption than on flat impervious soils. 

(4) These inferences must be put along with the 

other fact, that artificial removal of subsoil 
water, alone, of various sanitary works, has 
largely decreased consumption. 

From which follows the general inference, that wet- 
ness of soil is a great cause of consumption, no other 
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condition having been found, in the course of these 
inquiries, to go along with the consumption death-rate 
to any great extent. 

I have introduced these quotations from Mr. Whit- 
aker's paper (which was given in the " Geological 
Magazine " of November, 1869, and published in sepa- 
rate form by Messrs. Triibner & Co.), in support of 
the assertion that the upper part of the joints of sewer- 
pipes should be left open. 

It is necessary, however, to point out that these 
openings will not receive any water — or will not re- 
ceive much of the water — until the ground below the 
pipes, and up to the level of their middle, has become 
super-saturated ; the water then overflows into the 
pipes through the openings. This points out that the 
sewers should be laid at a considerable depth, for, if 
not, the water would sink below them and stand at 
some uncertain level, which might be but little below 
the sewers, and thus the drying of the ground would 
not be attained. 

Mode of Laying Pipes. — A common way of laying 
pipes, but a very wrong one, is to lay them clown 
upon the bottom of the trench so that the bearing 
points are the two ends only, the body of the pipe 
being unsupported. Two serious defects in the drain 
occur from this. Firstly, the weight squeezes out 
the clay or cement with which the joint is made, 
and the spigot-end of one pipe falls below the 
socket-end of the next one, causing an inequality 
of the bottom at every joint ; and, secondly, the 
pipes thus lie hollow, being supported at the two 
ends only, and when the trench is filled-in the super- 
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incumbent weight has a great tendency to break them. 
• They should lie solidly all along the body of the pipe 
upon the bottom of the trench, a hole being made to 
receive each socket. If the bottom of the trench be 
trimmed to an even gradient the pipes will then lie 
concentrically, and the joints can be properly made. 

Refilling the trench. — In refilling the earth into the 
trench the small stuff should be first thrown in, and 
the spaces between the pipe and the sides of the 
trench should be well filled, so as to prevent future 
sinking by leaving hollows under the sides of the pipes. 

The bottom of the trench having been filled up to 
the middle of the pipe with the most retentive of the 
earth thrown out, gravel should be thrown in, all 
along the trench, sufficient to cover the sockets of the 
pipes ; but where so much gravel is not procurable 
within reasonable distance, sufficient at least should 
be procured to block the front of the open sockets and 
prevent dirt falling in. 

The remainder of the filling-in should be done in 
regular layers of not more than 6 inches in depth,, 
and each layer should be well rammed before another 
is thrown in, except when the ground consists of 
gravel or sand, in which case, or in either of them, 
ramming is useless. The best means of consolidating 
dry sand is to wet it, and as to clean gravel it will 
settle of itself into its own position. But ground con- 
sisting of clayey gravel or gravelly clay is often met 
with, and in such cases ramming is necessary. One 
rammer or punner should be employed for every man 
filling in. 

If the ground in which a sewer is laid consists of a 
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bed of sand, precaution is necessary to prevent it 
being carried into the drain or sewer through the 
upper part of the joints of the pipes which may be left 
open, as has been said, and in this case the gravel or 
-small stones previously mentioned as to be placed in 
front of the upper part of the socket joints of the pipe, 
should be so placed as to act as a filter to the sand, 
and so prevent its entry into the pipe. But if the 
ground be of the nature of a quicksand the joints 
oannot be left open. 

Bad Ground. — The possible existence of a quicksand 
bed at the depth at which it may otherwise be advisable 
to lay a sewer is one of the strongest reasons why nu- 
merous trial holes should be dug to the intended depths 
at intervals along the lines of intended sewers. If the 
sewer be begun and continued with such a gradient 
as brings the bottom into a bed of quicksand at some 
higher portion of the work, it must be continued at 
that gradient, however difficult and expensive the 
ivork may be ; but if this had been foreseen it might 
probably have not been difficult to make the gradients 
such as would have avoided the necessity of laying 
the invert of the sewer in such ground. But when- 
ever ground of this kind is met with, stable litter will 
be found useful, to pack in behind the poling boards 
and to drive in between them. 

If, with all precautions of close-timbering and the 
use of stable litter, tow, or cotton waste, the ground 
still rises in the bottom, some special means of car- 
rying off the water, other than by pumping, must be 
adopted ; but no general method can be stated which 
would answer in all cases. A bed of concrete would 
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answer probably in most cases if the movement 
of the water could be prevented, and so prevent 
the lime or cement being washed out before the 
concrete has had time to set. Sheet piling, or 
close planking, has to be resorted to sometimes. In- 
deed the expedients are numerous. They are all ex- 
pensive, and a few yards of such work cost more 
than a great many trial holes. Mr. Eeade of Liverpool 
adopted a method which would answer if it would not 
have the effect of carrying away the sand with the 
water, and so either blocking up the waterway or 
carrying the sand clean away to the outfall, the result 
of which would probably be a settlement of the ground 
near the sewer. The method was to lay in the bot- 
tom half-round pipes with the flat side downwards, 
or, rather, pipes of the form of the letter Q reversed, 
through which the water ran away, the sewer-pipes 
being laid on the backs of these drain-pipes, in saddles, 
the two lines of pipes breaking joint. 

Taper Pipes* — In Shropshire taper pipes are made, 
20 inches long, the internal diameter of the larger end 
being slightly greater than the external diameter of the 
smaller end, allowing the small end of one pipe to enter 
the large end of another. I am inclined to think that 
this shape is better than abrupt sockets for steep 
ground, say, where the inclination exceeds about 1 in 80, 
as it often does in hilly ground, The advantage of this 
form is that the sewage has a clear drop from the end 
of one pipe into the next one. 

The series of steps thus formed is very useful in 
checking the too great rush of sewage where the de- 
scent is continuous. Hitherto these pipes have been 
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used chiefly for land-drains. They are made of the 
common clay of the locality, which is of better quality 
for pipes than most other clays with which I am 
acquainted. Socket-pipes, of 6 in. and 9 in. diameter, 
are made of the same clay, but they are not salt- 
glazed, and are somewhat rough internally, and some- 
what porous. To remedy this and yet make use of 
local materials, which I think should always be done 
if possible, I have treated them after the manner of 
Dr. Angus Smith's process, dipping them into the 
melted pitch of coal tar. The raw tar may be used 
if turpentine be added as a drier, say, half a pint to 
a gallon of tar. The process is not an expensive 
one. 

Dead Ends of Sewers. — In cases where stoppages 
have occurred near the upper ends of sewers — the 
dead ends, — the quantity of liquid is often not suffi- 
cient to produce such a velocity of the whole sewage 
as will carry along the more solid part, which 
settles gradually until it fills the pipe. For this 
reason the sewage of several of the uppermost 
houses on each side of the sewer, say half a dozen, 
should be collected in one 6 in. pipe before its 
sentry into the sewer, wherever that is practicable. A 
flushing tank is desirable at every dead end of a 
.sewer, but where the sewage of some dozen houses 
-cannot first be thus collected, it is essentially 
necessary. 

One of the chief causes of stoppage of drains 
and sewers in which there is an insufficient run of 
water is the fine sand used at public-houses to scour 
the metal pots, and for other purposes. This, being 
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used in large quantities, soon chokes up the trap in 
the back-yard or scullery, and surreptitious means are 
often resorted to to save the trouble of frequently 
emptying the trap. 

Drains under House-floors. — In rural sanitary dis- 
tricts the drain seldom need be laid under a house- 
floor, but may, in most cases, be laid altogether 
outside the house. In this case the pipe trench 
may be refilled with the material excavated, but 
when it is necessary to lay the drain under a 
house-floor it should be surrounded with puddled 
clay or ^ith concrete, to prevent the possibility of 
escape of foul air from it through the joints into the 
house, and especially so when it lies under a boarded 
floor. 

Junctions of Brains and Seiuers. — The junction 
of a house-drain with a sewer, or the junction of a 
branch with the house-drain, should in every case 
be turned in the direction of the flow of sewage 
in the channel with which the junction is made, 
and should never enter it at right angles. For this 
purpose junction pieces are attached to pipes in an 
inclined direction, into which, when the general direc- 
tion of the drain or branch is required to be at right 
angles with the sewer or the drain, a bend pipe may 
be inserted, which will bring the lead of the pipes 
into the required direction. 

The direction of a drain or sewer, however often it 
may be necessary to change it, should always be in 
straight lines, joined with bend pipes. Straight pipes 
cannot be laid in a curved direction with any proper 
regard to good jointing. 
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Terminations of House-drains. — The points up to 
which separate branches of a house-drain are re- 
quired to be laid are, in general, as follow. The 
cellar; the scullery sinkstone; the lowest part of 
the yard or paved surface about the house, to receive 
the rain-water or surface-drainage; the water-closet, 
if there be one ; and, in large houses, the butler's 
pantry. The drain should be brought up from its 
lower end of such a depth as to allow the extreme end 
of the farthest branch to be not less than 2 feet below 
the surface of the ground, the inclination of each 
branch being calculated at 1 in 80. 

Sometimes the drain is carried through the scullery 
wall and terminated under the sinkstone, thus making 
a direct communication between the interior of the 
house and the drain, whereby the foul gases of the 
drains and sewers are invited into the house ; for 
although a trap may be placed on the end of such 
a branch drain, it will not at all times prevent the 
foul air coming through it into the scullery, and thence 
probably into the house. It is very much better to 
terminate the drain outside the wall, and place a trap 
upon it there, and to discharge the sinkstone-water 
into that trap, so that at those times when the foul 
air of the drains may escape at that point they do so 
in the open air, and are there less injurious than when 
they escape into the house. Very little better than none 
is (or rather was, for people now see the fallacy of 
it) a " bell trap " at the mouth of a pipe in a sink- 
stone, the other end being inserted into the drain. 
These traps act as traps only when the cover is in 
its place (and very imperfectly even then), and they 
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so frequently become choked with tea-leaves and 
grease, that a remedy for this is often found in throw- 
ing away the cover altogether and leaving the end of 
the pipe open. 

As to the kind of trap to be placed outside the wall 
to receive the sinkstone-water, and also for the yard 
gulley, to receive the surface -drainage, there are se- 
veral kinds in common use. 

Iron box-traps are neat in appearance, but they 
are objectionable, inasmuch as that, unless very well 
and carefully set, the foul air of the drain comes up 
through openings left round them between the trap 
and the setting — usually a few bricks in mortar or 
cement : but when properly and closely set they an- 
swer very well. 

The earthenware trap is much better in this respect. 
The spout projects into the socket of the last drain- 
pipe, and it is easier in this case to make the joint 
air-tight. These traps, or yard galleys, are, however, 
often made too deep — to hold too much. The less 
space there is for lodgment of solid matter in a trap 
the better. The only excuse for making a space larger 
than is necessary to form the water-trap is that it 
requires cleaning out so much the less often ; but this 
is of itself an objection. While the matter lies there 
it is decaying and giving off foul gases, and it is better 
that it should go to the soil as quickly as possible 
than that it should be retained (undeodorised and not 
disinfected) in. traps for any considerable time. 

The same kind of trap serves for the two positions 
named, and in many situations the same trap serves 
for both purposes, when the surface channel of the 



98 SANITARY WORK. 

paving of the yard is laid so as to allow the surface- 
water to drain to the sinkstone-trap ; but this is, in 
some situations, inconvenient, and then a gulley is 
required in another part of the yard also. 

Another kind is the syphon-trap, but it is not suit- 
able for a yard-gulley ; its proper place is at an inter- 
mediate point on a long length of drain, where the 
sewage, arriving at it with considerable velocity, is 
wholly carried through the trap without the risk of 
lodgment of solid matter. 

This kind of trap is sometimes made with a short 
vertical piece in the centre for the purpose of access 
in case of stoppage by sediment lodging in the hollow. 
This occurs when the quantity of water used is insuffi- 
cient to carry forward the solid matter with the requi- 
site velocity. 

A new kind of trap, and a very good one, is that 
invented by Mr. Dean. The sewage falls into a box 
fitted into the earthenware case, and the solid matter 
is thus easily removed by taking out the box and 
emptying it. 

Another kind of trap is that invented by Mr. 
Mansergh, C.E. 

Of Mr. Banner's trap I have no experience : I hope 
the form of it will be modified from the representation 
I have seen. 

The paving of the yard or back premises of a house 
is an essential part of the drainage, and may be of 
stone flags, dust-brick, or asphalt. 

Water-traps. — Whatever the form of a water-trap 
may be, it consists essentially of a vessel full of water, 
across which, from side to side, is placed a diaphragm, 
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the lower edge of which is horizontal and dips into the 
water. The extent of the dip seldom, if ever, exceeds 
2 inches, and is more often 1 inch, and even sometimes 
less. The greater dip is intended to offer a complete 
obstruction to the passage of air from one side of the 
diaphragm to the other; but water absorbs gases, 
and in this way they pass through it under the dia- 
phragm and escape on the other side ; and it is now 
understood that no form of water-trap whatever pre- 
vents, at all times, the passage of gases through it. 
The times when it mostly fails to prevent their pas-* 
sage are when they are driven upwards from the drain 
towards its upper end where the trap is situated, and 
there attain an elastic force greater than the atmo- 
sphere on the other side of the trap, when the pres- 
sure acts mechanically to increase the quantity of air 
passing through the trap, which at those times is seen 
(when persons are sufficiently observant of these 
obscure but dangerous small things) to escape in 
bubbles ; and it is now also well understood that 
means of escape for these foul gases from the drain into 
the atmosphere must be provided in front of the trap. 

Nearly all inlets to drains at the ground-level are 
near the doors or windows of dwelling-houses, and 
therefore the foul gases should not be allowed to 
escape at those points, under our noses, as it were. 

It is necessary to observe that sewage, immediately 
on its entry into a drain, begins to give off the gases of 
decomposition, and continues to do so until it is buried 
in the soil at the outfall. 

These gases are declared by the medical officers to 
be highly injurious to health. It may be, some of 
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them say, that the gases themselves are not injurious 
to health, but only offensive to the senses, and that it 
is the specific germs of disease which they convey 
which are to be feared ; but they say again, in expla- 
nation,' that even if the gases be not injurious of 
themselves they become practically so by acting as the 
carriers of the germs which are so, and therefore are to 
be prevented coming into dwelling-houses. 

If a water-closet is to be connected with the house 
drain the form of trap belonging to it will be different 
from those already mentioned, and will depend upon 
the kind of closet apparatus adopted, the simplest 
kind being an earthenware pan with a trap of the kind 
called the syphon-bend, or S pipe, into the upper end 
of which the neck of the pan is inserted, and the lower 
end of the trap is inserted into the socket of the last 
pipe of the branch drain, in the same manner as the 
spout of the yard gulley already described. 

Water-closets. — Many of these pans and traps have 
been fixed without any water supply from cisterns and 
pipes, and in some places with very good results, being 
kept clean by throwing down them the contents of the 
slop-pail, and in addition to that several pailsfull of 
water daily as a part of the regular household duty. 

The shape of these pans is often objectionable, the 
neck being made directly under and concentrical with 
the rim* 

There is a shape in which the back of the pan is 
vertical, the contraction from the rim to the neck 
being managed in the front and sides of the pan. 

These are more easily kept clean. The pan and 
trap should be well supported, and firmly bedded on 
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concrete or brickwork, and the joints made perfectly 
air-tight. In converting a common privy and cesspool 
into a watercloset, the cesspool is sometimes merely 
filled up with earth and the pan and trap set upon that ; 
but the settlement that takes place disturbs the joints 
and lets the foul air of the drain escape through them 
into the closet. 

There are several kinds of .water-closet apparatus of 
a more complicated kind, with various forms of traps. 
The worst kind is the pan- closet, in which a tinned 
iron or copper "pan" works in an iron "receiver." 
The receiver is a cast-iron box, large enough to allow 
of the motion of the hinged pan, and therefore of con- 
siderable size. The interior of the receiver soon 
becomes coated with the soil discharged into it from 
the pan, and is a permanent cause of offensive smell 
in the closet ; for a quantity of the foul air in the 
receiver is drawn out of it every time the closet is used, 
equal in volume to the contents of the pan ; the action 
being one of those everyday things which illustrate one 
of the principles of physical science — that two bodies, 
as water and air, cannot occupy the same space at the 
same time. This is the kind of closet apparatus 
usually recommended by plumbers who have not had 
much experience in these things ; and therefore it is 
necessary that owners and occupiers of houses should 
enquire for themselves into the action and the merits 
of these and other things with which dwelling-houses 
are furnished by plumbers and other tradesmen, who, 
in some branches of their business, are, no doubt, 
good enough workmen, and understand what they do 
in those branches, but who, as a rule, certainly know 
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very little indeed about the proper construction of 
water-closets and their appendages of cisterns, pipes, 
and valves, — judging from what we too often see in 
houses in small towns. 

The motion of the pan, swinging backwards and 
forwards in the receiver, disturbs the equilibrium 
between the air-pressure in the receiver and the out- 
side, causing at times a partial vacuum and at other 
times a plenum of air in the receiver. To remedy 
this a hole is made in the cover, or somewhere near 
the top of the receiver, through which the foul air is 
driven on the descent of the pan, and through which 
air is drawn into the receiver on the ascent of the pan 
to its position of rest ; thus a constant pumping of 
foul air out of the receiver into the closet goes on, 
unless the further remedy be adopted of attaching a 
pipe to this hole in the cover of the receiver and 
leading its other end through the wall into the outer 
air ; and the effect of this is usually spoiled by making 
the pipe too small in proportion to its length, and too 
tortuous in its course, so that the obstruction caused 
by the friction due to the velocity with which the air 
must pass through so small a pipe is sufficient to 
prevent the intended motion; for it must be observed 
that the operation is performed quickly, and therefore 
through a small pipe the air must pass with great 
velocity ; but obstruction to the motion of air caused 
by friction against the sides of a pipe increases as the 
square of the velocity, divided by the diameter of the 
pipe, so that whatever the obstruction to a given 
volume of air passing through a given length of 2 in. 
pipe in a given time might be, it would be thirty-two 
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times as much through a 1 in. pipe of the same 
length. 

But the usual way with plumbers is to attach a very 
small pipe, whereby they defeat the object in view, 
and instead of the foul air being driven by force 
through this small pipe it prefers the easier passage 
through the opening of the basin into the apartment. 
This is indeed one of those things in which a small 
meddling is worse than doing nothing, for to make 
such a thing answer the end sought it must be done 
thoroughly and on scientific principles ; not on that 
account necessarily more costly, be it remarked, but, 
on the other hand, probably much less so. 

As the pan-closet is the worst form, so the best is 
that kind which is wholly of earthenware and has a 
plug valve, the motion of which is vertical and direct, 
and is situated at the side of the basin. 

I have always considered this kind of basin the 
best I have known, with its plug-valve and direct pull, 
the outlet being on one side of the basin. Fig. 27 
shows Mr. Jennings's arrangement. 

I think, however, that it would be an improvement 
to turn the trap-bend round in the opposite direction, 
as shown by the dotted lines in the figure, so that a 
vertical ventilating pipe may be attached to the top of 
the soil-pipe. 

One of the commonest errors of plumbers, in fitting 
up water-closets, is to make the down-pipe from the 
cistern to the basin too small. There is little or no 
excuse for this. The length is in no case great, and 
therefore the difference in the cost (which is the only 
conceivable reason for doing it) can in no case be of 
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much account ; but the difference in the effect produced 
is very great. What is wanted for this purpose is a 
sudden flush of water, not necessarily greater in 
quantity, but of quicker action ; and this is impossible 

Fig. 27. 
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when the down-pipe is so small as many are. It 
should be a rule that this pipe should be ljin. 
diameter. The lightest pipe made is sufficiently 
strong for the purpose, and any saving that may be 
desired should be sought for in thickness of metal, and 
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not in size of pipe. Nine pounds weight per yard is 
quite sufficient for a pipe of 1J in. diameter. 

Whatever the form of closet apparatus, the one 
feature common to them all is the soil-pipe. This is 
the pipe which intervenes between the trap of the 
closet-basin and the drain, and the top of it is usually 
the highest point of the house-drainage, and therefore 
is the point at which the gases arising from the decom- 
position of the sewage have the greatest tendency to 
accumulate, — all those, that is to say, which are of 
less specific gravity than the atmospheric air. It is 
impossible, except by means of an expensive applica- 
tion of antiseptics, to prevent the liberation of the 
gases of decomposition of sewage (which begin, as has 
been already said, as soon as the sewage is formed, and 
continue until it is finally disposed of at the outfall) 
and it is quite as impossible to prevent their escape 
into the atmosphere. The only practicable thing that 
can be done to prevent injury from them is to conduct 
them to places out of reach of the air we breathe con- 
tinually, — that is to say, into the atmosphere above our 
heads, such of them, at least, as are of less specific 
gravity than the atmospheric air at the moments of 
action, and these gases are the most injurious because 
the most volatile. The diffusion of the heavy carbonic 
acid gas is slower, and it is not so important a vehicle 
of conveyance of germs of disease as the lighter gases 
are. 

Of the evil effects of the gases of decomposing 
sewage, Dr. George Wilson, in his "Handbook of 
Hygiene," says, after enumerating some cases where 
enteric or typhoid fever had taken place from the 
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entry of these gases into places where people had to 
breathe them, " While numerous other instances are 
recorded of the evil effects of the air of sewers, 
cesspits, drains, &c, in producing temporary ailments, 
such as nausea, vomiting, diarrhoea, and headache, 
the great interest which attaches to this important 
subject rests on the development and spread of enteric 
f^ver ;" and that " the sewer air, laden with the specific 
poison, readily finds its way into houses on account of 
its greater tension, and in consequence of badly 
trapped and imperfectly ventilated drains. " 

Ventilation of Home-drains and Sewers. — The ven- 
tilation of sewers and house- drains has received a 
good deal of attention, and many propositions have 
been made which will occur to those conversant 
with the subject, but which need not be repeated 
here. No method of ventilation, however, is at once 
so simple, practical, effective, and inexpensive as 
open communications between the drains and sewers 
and the atmospheric air. When openings are made 
into sewers or drains, the gases of decomposi- 
tion, previously accumulating under pressure, escape 
freely into the atmosphere; and the mischief is that 
when they escape at the ground-level we must breathe 
them. But there is no necessity for this ; they can 
be conducted up into the atmosphere above the house- 
tops, if the pipes be sufficiently large and sufficiently 
numerous. These two requirements may be at once 
stated, from experience, to be, that the ventilating 
pipes should be 4 inches diameter, and that there 
should be at least one to every house-drain. 
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The retail prices of iron pipes suitable for drain- 
ventilation are as follow : — 

3 in. diameter, 3s. 3d. per 6 ft. length. 
3Jin. ,, 3s. lOd. „ 

4 in. „ 4s. 8d. „ 
4£in. „ 6s. „ 

The mischief done by some plumbers in this matter 
is very great, for when they can be brought to see 
that ventilation of house-drains is necessary at all, 
they recommend to their employers a small lead pipe, 
say | -in. or 1-in. diameter. They wholly overlook the 
element of friction through so small and so long a 
pipe, which is of itself sufficient to prevent the pipe 
being of any use. If no motion were to take place 
through the pipe, no pipe would be required at all ; 
and it is this necessary element of motion of the foul 
air through the pipe that plumbers overlook. And, 
sometimes, to the inefficiency of a small pipe they add 
the obstruction of bends in it, and when such a pipe 
has been found by experience to be useless in pre- 
venting foul gases coming into a house, ventilation 
is thought to be useless, whereas it is the plumber 
who is in fault. 

Now a plumber, unless he is in a more than usually 
large way of business, does not keep in stock the thin 
cast-iron rain-water piping which is most suitable for 
ventilating pipes, — he has to get it from the iron- 
monger : this is out of his usual course of business, 
and he recommends a lead pipe ; but, as a lead pipe of 
sufficient diameter would be too expensive, he pretends 
that a small pipe is sufficient. 

In reality he does not take the trouble to think what 
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size the pipe ought to be, and it appears to him that 
the size of the pipe is immaterial. 

The owner of the house is glad to hear from the 
plumber that a small pipe will be sufficient ; he would 
be still more pleased if he could be assured that none 
at all is required. 

One of the last ventilating-pipes of several thousands 
erected under my directions before this present writing 
is 4£ inches diameter; and when the workmen had 
finished all but putting down the last trap at the 
ground level, they put into the drain a bit of white 
paper, and it was at once carried up the ventilating- 
pipe and was seen to fly out of the top of it. 

When I constructed the sewerage and drainage of the 
town of Leek, I caused to be erected a number of 
ventilating pipes at the upper ends of the house-drains. 
Since that time the Sanitary Inspector has been re- 
quested by the Improvement Commissioners to report 
to them the state of the ventilation of the sewers and 
drains of the town, and the following is a copy of his 
report. 

" The public sewers and private house-drains con- 
nected therewith are ventilated by means of 1,194 
metal pipes, varying from 2£ in. to 4 in. diameter, 
carried up the exterior walls of buildings above the 
levels of windows. Although means of ventilation are 
much required in places, it may be said, in general, 
that the provision made for the ventilation of sewers 
and drains is much more adequate than was antici- 
pated. 

" Notwithstanding the fact that little was said as to 
the importance of sewer and drain ventilation when 
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these works were constructed, the engineer who con- 
structed them appears to have devoted considerable 
attention to the subject ; and, at a subsequent period, 
upon the recommendation of the Sanitary Committee, 
the Board made an order that every drain and branch- 
drain hereafter constructed be ventilated at its head 
by means of a pipe or flue, terminating above the 
windows of the house or building. 

" The propriety of thus dealing with the subject has 
been so often demonstrated in Leek, that I only need 
refer to the fact that where the necessity of sewer and 
drain ventilation has been altogether ignored, typhoid 
fever has been most prevalent. After careful inspec- 
tion and consideration, I cannot recommend any other 
method of dealing with the subject than that already 
adopted by the Board. The principle inculcated by 
the order now upon the books is that it shall not be 
possible for foul stagnant gas to be present in any 
sewer or house-drain. The means determined upon 
by the Board for that purpose are extremely simple, 
easy of application, and strictly in accordance with 
natural law. 

"It has repeatedly been proved here that the best 
water- trap at a drain-head (especially if it be inside a 
house) without proper provision for ventilation, is a 
snare and a delusion, fraught with much hidden danger 
to health and life. I therefore submit that the Board 
cannot do better than carry out in its integrity the 
principle of ventilation already adopted, by requiring 
a sufficient number of outlets at the head of each 
sewer and drain ; thereby allowing nature to establish 
a natural circulation by which continuous diffusion, 
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dilution, and rapid oxidation, will at least reduce the 
danger to a decimal degree." 

1 have been informed by the Sanitary Inspector, 
Mr. Robert Farrow, that he has frequently held a 
candle or a few lighted shavings to an untrapped gully 
in the street, and has found the current of air to 
be inwards. From that it may be inferred that the 
tall ventilating pipes are fed with atmospheric air, 
through any defective trap there may happen to be at 
the ground level, and so the sewers and drains become 
supplied with currents of atmospheric air, preventing 
the formation of sewage gases, to some extent, and 
carrying off those which are formed. 

Dr. Alfred Carpenter, in a paper read at a meeting 
of the Health Department of the Social Science Con- 
gress in 1869, on the " Influence of sewer gas on the 
public health," said, speaking of Croydon, " When a 
stink is perceived at a particular spot, or in a parti- 
cular house, orders are generally given to stop the 
place of issue by trapping the offending opening, with 
the beneficial result of removing the smell and staying 
the progress of disease in that particular house or 
place ; but no means are taken to prevent its influence 
being felt elsewhere. The mischief is simply trans- 
ferred in a selfish kind of way, and the public suffer 
for it. I have had much experience of this kind of 
thing in our district, and soon saw that trapping was 
not a proper remedy unless it was accompanied by the 
provision of another exit in a safer situation." 

Further, that " The Croydon Local Board deter- 
mined, three years ago, to adopt the principle of 
opening the extremity of every sewer, and of every 
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branch or house-drain in connection with the sewer, 
and make every house ventilate its own house drain. 
The Local Board also had openings made into the 
sewers at 100 yards interval, so as to allow of a con- 
stant and continuous current of air. By these means 
the effects of sewer gas have been entirely obviated, 
and the consequences removed, in those portions of 
our district to which the law is made to apply, in a 
most marked and decisive manner.' ' . . . . " The 
sewer gas will form, at times, very abundantly in the 
house-drains, — the houses being, like gas-receivers, 
open at the bottom only, the sewer products will make 
their way through the traps into such houses ; and if 
the traps become, as is often the case, untrapped, 
especially in dry weather, there is a ready means for 
the entrance of the gas into the house, independently 
of the means afforded by the water in the trap itself, 
which is a ready conductor of the miasms, — absorbing 
the agent on one side and giving it off on the other.' ' 
After pointing out that the formation of sewage gas 
cannot be prevented, and that trapping is only stop- 
ping the danger at one point and forcing it in another, 
quite as perilous to those exposed to its influences, 
Dr. Carpenter said, "Whilst, therefore, these gases 
will form, how can we best avoid their influences ? 
The nature of sewer gas has been well pointed out by 
various chemists and medical authorities, — all concur 
in the belief that dilution destroys it ; that if suffi- 
ciently diluted with air it becomes innocuous, and its 
sting is taken away. When it first escapes from a 
sewer it carries with it some condition which is in- 
jurious to life, tending to prevent some necessary 
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change in the blood, or other vital tissues, either by 
its own power or by means of a property to which it 
simply bears the relation of carrier. If it be mixed 
with sufficient air, especially if that air be ozonised, 
the miasm becomes oxidized and comparatively harm- 
less, or if not so oxidized its presence is not injurious 
to life." Speaking of the motion of air in sewers and 
drains being upwards, he said, " Our problem, there- 
fore, is how to render this circulation positively con- 
tinuous. This has been effected most perfectly in our 
district by compelling every new house to have ven- 
tilation for itself. The soil pipe is continued upwards 
in a straight line above the level of the pan (of the 
water-closet), between the trap and the sewer, and it 
is made to terminate by an open extremity above the 
eaves of the house, away from the window, and not 
close to, or on a level with, the chimney. Every con- 
nection with a sewer requiring the presence of a trap, 
has that trap guarded from the consequences of pres- 
sure by a ventilator similar to that of the soil pipe, 
the latter being placed as close to the trap as possible. 
It is found necessary to make these shafts ascend 
straight up, and not curve or turn at right angles, or 
their efficiency is interfered with. The result of 
making these innumerable openings at the higher 
points of the sewer has been to promote a rapid circu- 
lation through the sewer, by which all sewer gas is re- 
moved as quickly as formed, and no concentration can 
take place." 

Dr. Thursfield, in his Sanitary Eeport on the Bo- 
rough of Shrewsbury, March, 1875, says: "The object 
in ventilating a soil-pipe is to afford such free exit to 
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the gas that it shall neither pass through the water in 
the trap, nor through any corrosion or leakage in the 
soil-pipe itself. The mode in which soil-pipes are 
ordinarily ventilated does not accomplish this ; a pipe 
of small calibre is carried from the soil-pipe with many 
turns and twists to the top of the house, and the retar- 
dation to the up-draught, caused by the small calibre 
and length of the pipe, is so great that in many cases 
it practically does not act at all." 

Fluctuation of the volume of sewage. — It is well 
known to those who have had to do with sewers that 
the volume of sewage varies from hour to hour of 
the day ; and this takes place to such an extent that 
one half of the sewage due to the whole 24 hours 
often flows off in six or eight hours, and that circum- 
stance has to be taken into consideration in deter- 
mining the size and other conditions of a sewer. 
This fluctuation is caused by the varying quantities of 
water used in houses at different hours of the day. 
Repeated gaugings of the flow of sewage in dry 
weather, when the quantity is not influenced by rain- 
fall, but is chiefly that used in houses, has shown that 
the maximum flow during some one hour of the day 
is about twice as much as the minimum flow during 
another hour of the consecutive 24 hours. 

Mr. Marten has stated that at Wolverhampton about 
three-fourths of the daily supply of water was given 
between the hours of eight in the morning and eight 
in the evening. 

Mr. Hawksley has stated that at Salford, in the year 
1862, the draught of water between eight a.m. and 
noon was from 2 to 2J- times the average quantity of 
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the whole day, and that in the night it was not more 
than J of the average quantity. 

A day's observation of the state of the chief service 
reservoir of the Manchester Water Works in 1864 
showed the quantities flowing out to be 

from 9 a.m. to noon 1£ million gallons 
,, noon to 3 p.m. l£ „ ,, 

„ 3 p.m. to 9 p.m. 2 „ „ 

, ? 9 p.m. to 9 a.m. 2 „ „ 

So that during the six hours from 9 a.m. to 3 p.nu 
the average hourly quantity going out of the reservoir 
was t^j- of the whole quantity during the 24 hours, or 
500,000 gallons ; from 3 p.m. to 9 p.m. ^V, or 333,333 
gallons ; and from 9 p.m. to 9 a.m. 4 V, or 166,666 
gallons ; the first-named hourly quantity being three 
times that of the average hourly night-flow. The 
fluctuation of the water-supply is, as might be pre- 
sumed, greater than that of the sewage flow, because 
there is always some ground-water running in the 
sewers, which seems to make the night flow of the 
sewers about half as much as the maicim nm daily 
flow. 

In several towns the maximum hourly quantity of 
dry weather sewage flowing at the outfalls of the 
sewers has been found to be a little more than twice as 
much as the minimum. 

Such observations show that the fluctuation of the 
volume of sewage is very considerable even in dry 
weather ; and another cause of fluctuation is the rain- 
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fall. Everybody knows that immediately after a 
shower of rain " the drains smell." The foul gases 
of the drains are, in fact, then forced out by the influx 
of water. When the water in the sewer is rising, it 
compresses the air in the sewer above it, when it is 
confined, and, reacting, as all elastic bodies do, with a 
force equal to that with which they are compressed, 
the sewer air forces its way into the houses through 
kitchen sinks, traps, and water-closets, and through 
street gulleys, and other places at which it ought not 
to be allowed to escape. 

Open and close sewers. — When a close sewer is 
broken into the escape of the pent-up gases is fearful 
in volume and malignity, and the death of workmen 
has frequently occurred when this has been done, 
and more frequently has illness of many people arisen 
from it. 

When a sufficient number of openings has been 
made through which there is free communication be- 
tween the atmosphere and the interior of the sewera 
the escape of sewer gas at any one opening is almost 
imperceptible. Now if we consider the bearing of 
these facts we shall see that open and not close sewers 
are to be preferred. 

But wholly open sewers in populous places cause 
too much inconvenience, and therefore for the sake of 
convenience sewers in populous places must be covered. 
Between these two antagonistic requirements we must 
take a middle course, and, while covering the sewer, 
must make frequent openings through which a com- 
munication may take place between the interior of the 

i 2 
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sewer and the atmosphere, the openings being covered 
by gratings at the surface of the ground. 

On main sewers Mr. Rawlinson advises that the 
openings be not more than 100yds. apart; but it is 
evident that the greater the number of openings the 
better, and it is only a question of expense whether 
the whole length of every sewer should not be open to 
the atmosphere, the grating covering the opening being 
continuous* The objection raised on the question of 
expense is of course a valid one in a degree, and in 
the case of deep sewers must be met by substituting 
openings at intervals ; but the nearer sewers approach 
to open channels the better. House drains, however, 
should be covered, and the communication should be 
made between the drain and the atmosphere above the 
roof by means of a vertical pipe, as before mentioned, 
and also at the upper ends of street sewers, where the 
ground is steep ; but in the greater portion of the 
sewers, and especially in the lower parts, tlje openings 
should be at the ground level. 

As has been said, sewers or at least pipe sewers, 
should be laid in straight lines. Besides other advan- 
tages which this method has over curves, it allows the 
sewers to be readily examined, without breaking up the 
roads, for, by carrying up a man-hole at one bend, and 
an opening at each of those next it, in front and rear, 
down which a lamp may be lowered to the sewer, it 
may be seen from the man-hole if the sewer be open. 

In well-arranged sewers, stoppages may be almost 
certainly prevented ; nevertheless, the original design 
(due, I believe, to Mr. Rawlinson) should be adhered 
to, for, even though such examinations need seldom 
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be made, the numerous communications thus made 
between the sewers and the atmosphere are very bene- 
ficial, if the covers of the man-holes and the lamp-holes 
be made with openings, or if they be covered with 
gratings. They then act beneficially by admitting 
fresh air to the sewers, providing an efficient system of 
ventilation, such as has already been mentioned, be 
adopted in connection with these openings. 

The man-holes should be about 8 ft. square, gathered 
in near the top an inch or so each course until the 
opening is reduced to the length of 2£ bricks, and the 
width to 2 bricks. Upon the brick walls a cast-iron 
frame is set, within which a moveable cover is fitted, 
the construction of which should be such as to be as 
open as possible, consistently with safety to horses* 
feet. 

The bottom of the man-hole should be formed so as 
to prevent lodgment of sewage, and should be of the 
form of the lower half of the adjoining pipes, or of the 
invert of the sewer, when of brickwork. 

The lamp-holes may be vertical pipes, set up on a 
square junction, and carried to within about a foot of 
the surface. Bound the mouth of the vertical pipe a 
small bed of concrete should be laid to receive the 
pressure of the traffic over the cover, which should be 
supported upon two courses of brickwork, bedded upon 
the concrete, so that weights passing along the road- 
way shall not be transmitted to the pipes. The cover 
should be of cast-iron, similar to that of the man-holes, 
but need not be so large. In macadamised roads, the 
iron covers of both should be surrounded by pitched 
stone for the distance of a yard or so. 
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Road drains. — Wherever there is a considerable 
number of houses together it will be advisable to 
lay a common sewer into which they may be drained, 
so that the sewage may be conveyed to one spot and 
disposed of. 

Now, wherever there is a considerable number of 
houses together there is usually a road drain, or 
culvert, or several of them, for the purpose of carrying 
off the rainwater. These may have their outlets as it 
may be ; but it may be taken generally that they are 
sufficient for the purpose for which they were laid 
down, but for that only. To convert these into 
sewers is quite a wrong proceeding. We find, indeed, 
as matters of fact, that in many cases house sewage 
is turned into these road drains and culverts, but we 
find also the necessary consequences — stoppages, and 
nuisances arising from the breaking out of their con- 
tents. Before such pipes as are suitable for sewers 
and house drains were made, road drains were chiefly 
formed of bricks, sometimes with mortar and some- 
times laid dry, or of rough stonework, and it is chiefly 
such drains and culverts as these that we find in 
existence, and in some cases receiving part of the 
house drainage. They are often of considerable size, 
and on that account are sometimes thought to be 
sufficient for both road drainage and house drainage, 
and so far as size and fall go they might be so in 
most cases, but the chief consideration is that house 
sewage must be cleansed (I prefer to say cleansed 
rather than purified) before its escape into a river or 
stream, and if it be mixed with a large quantity of 
rainwater — which it would be if put into road drains — 
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the cost of dealing with it is greatly increased, while the 
rainwater itself, if unmixed with house sewage, might 
flow in its natural courses. 

When the method of purification is that of the 
irrigation of land, a certaiu quantity of rainwater 
is sometimes useful in helping to float the sewage 
over a sufficient area to effect its purification, but 
this does not tell against the main argument — that 
the bulk of the rainfall should be allowed to flow 
off by the channels which have hitherto conveyed 
it, and that sewers should be laid to convey the 
sewage and a limited quantity of rainwater to the 
outfall ; and under these circumstances the sewers 
may be of smaller size than would be otherwise 
necessary. 

But it is not so much that the quantity of rainwater 
in a year would be difficult to deal with, if its flow 
were at all regular, day by day, as that it is difficult to 
make any effectual provision for the occasionally sudden 
And excessive flow. 

The roughness of the interior of these road drains 
and culverts prevents the sewage flowing freely off, 
and causes a generally foul state of the bottom, and 
this is increased by the escape of the liquids through 
the joints of the brickwork or stonework, for they are 
not impermeable, which is an essential requisite in the 
lower half of the sewer. 

In the definition clause of the Act, " drains vested 
in or under the control of any authority having the 
management of roads, and not being a local authority 
under this Act," are excepted from the definition of 
.the word sewer. 
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Circular sewers. — When the situation of the upper 
end of a sewer is such that it cannot be extended 
so as to include the drainage of any additional 
number of houses, the upper end of the sewer 
may be of 6-in. pipes, — for what length downwards 
will depend upon the fall, but the length will in 
most cases be comparatively short. Below these 
short lengths of dead ends 9-in, pipes may be 
continued for considerable distances, which may, 
when necessary, be succeeded by 12-in. and 15-in. 
pipes, for distances still greater ; but when it becomes 
necessary to make the diameter as much as 18 in. it 
will in general be better to lay a brick sewer, with a 
half-brick ring; and half-brick, or about 4£in., is a 
sufficient thickness for diameters up to about 2 ft. 6 in. 
Sewer bricks should in all cases be moidded thin on 
the face and thick at the back, and more or less so 
according to the radius of the sewer, so that they may 
be bedded solidly upon each other throughout the 
width of the bed. For sewers of larger size, and up 
to 8 ft. 8 in., or 8 ft. 6 in. diameter, the bricks may be 
moulded of the dimensions of 9 in. long, 6 in. wide, 
and of a thickness of 2 \ in, on the face, and 3 in. at 
the back. Although heavier than bricks of ordinary 
size, these are not inconveniently heavy in the hand- 
ling, and about the same cubical quantity of work per 
day is done with them as with bricks of ordinary size. 
I used bricks of these dimensions, moulded for the 
purpose, in the north outfall sewer of the Leek 
Drainage. Its diameter is 3 ft. 8 in. If the diameter 
be required to be greater than about 8 ft. 6 in., the 
thickness should be 9 in., or one brick, up to, but not 
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much exceeding, a diameter of 4 ft. 6 in., or 6 ft. high 
and 4 ft. wide. 

Egg-shape sewers. — For the purpose of concen- 
trating a small flow of sewage, and so increasing 
its depth and consequent velocity, the bottom of 
. a brick sewer is sometimes made of smaller radius 
than the top, and the usual ratio of height to width 
is three to two. It is evident that a given small 
quantity of sewage flowing in a circular sewer 
spreads out over the bottom and reduces the hydraulic 
depth, and where the inclination of the sewer is 
small and the variation of the quantity is great this 
form is preferable to the circular form ; otherwise 
it is not so. 

The circular form has many practical advantages 
which the egg-shape has not. It is stronger; the fluc- 
tuation of the height of the surface of the sewage-flow 
is less, and for this reason the exteilt of surface exposed 
to wet and dry on the sides of the sewer is less, which 
is in its favour, for the grease and other matter left on 
the inside of the sewer at and near the surface of the 
sewage-flow gives off gases of decomposition, and the 
more so in proportion to the extent of surface exposed. 

Sewer bricks. — The bricks of the invert or lower por- 
tion of a sewer should be of very good quality. They 
are subject to constant abrasion by hard matter ; and 
the joints should be of cement, or of ground hydraulic 
lime used in the manner of cement, with an admixture 
of not more than two of sand to one of cement, or 
lime, the sand being clean and sharp to the touch. 
The blue bricks made in Staffordshire and Shropshire 
are excellent for sewer work, and the gault bricks in 
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the neighbourhood of London ; but as the bricks of 
the locality will probably in most cases be used for 
sewers, care should be taken to select the best kind of 
clay the locality affords, within reasonable distance, 
and to have the bricks well burnt. 

It has occurred in sewers that the bottom has been 
deeply cut into by the action of sand and other solid 
matter upon it for a number of years. 

Depths of sewers. — As to the depth at which sewers 
should be laid, that depends altogether upon local 
circumstances. Where the surface of the ground 
is generally of uneven height, the level of the 
lowest part of the opposite houses is the guide, 
the middle of the height of the sewer being not 
less than 2 ft. lower than such lowest points. In 
such ground, taking this minimum depth at several 
points along the course of a sewer, or along some 
considerable portion of its length, the proper in- 
clination may be ascertained, and the depth at every 
part of the course. The proper gradient being deter- 
mined, the easiest way of ensuring its exact formation 
is to place two fixed sight-rails across the line of 
trench at an equal height above the intended bottom 
of the sewer, and to use a moveable rod, with a cross- 
head upon it, to bone in every part of the bottom 
truly. This is a much better way than driving ahead 
with a straight-edge andhandlevel, although this method 
is adopted for the short lengths of house drains. 

Junction of home drains with brick sewers. — The 
junctions of the house drains with a sewer are 
sometimes made to enter it at the bottom, below the 
surface of the ordinary sewage-flow, but this cannot 
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be commended. The intention probably is to prevent 
the sewer gas passing up the drains to the houses, but 
although this method has that effect there are practical 
objections to it, based on experience of the silting up 
of the lower ends of the drains when this method has 
been adopted; and, naturally, the velocity of the 
sewage-flow is checked whenever the sewage rises in 
the sewer. The preference for this method has been 
excused on these grounds. All sewage matter, it is 
said, is soluble in water, if a sufficient length of time 
is given to it, and with that view the size of the house 
drain is made rather larger and the yelocity of the 
sewage-flow is considered as a secondary question. So 
that all be dissolved, it is supposed that a lesser 
velocity is necessary, but this can hardly be a practical 
way of looking at the thing. It is impossible to avoid 
the entry of all insoluble matter into a house drain, 
and when the junction with the sewer is made in this 
manner it is only a question of time when the lower 
end of it will be found silted up. The best point in 
the height of a brick sewer at which to make the 
junction of a house drain is at the haunch of the 
arch, or just above the springing. The passage of 
sewer gas up the drains must be got rid of by a 
, proper system of ventilation at the upper ends of the 
drains. Taking the point above mentioned in the 
height of a brick sewer to be the proper one, a 
junction block, formed obliquely, should be set in the 
brickwork wherever a house drain is, or may be 
required to be, connected with the sewer. " Oblique 
junction blocks " are quite old things now. One of 
these being built into the brickwork, a bend pipe is to 
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be inserted to give the lead of the house drain the 
proper direction. Their prices are about as follow, 
for 4J-in. and 9-in. brickwork respectively, viz., for 
6-in. pipes, 8s. 9d. and 5s. 6d. ; for 9-in. pipes, 5s. 6d. 
and 7s. ; for 12-in. pipes, 8s. and 10s. 6d. each. 

Sewer invert blocks. — For egg-shaped sewers the 
stoneware invert blocks are useful and give facility 
in the execution of the work. They are made for 
4j-in., 6-in., and 9-in. brickwork, and their prices 
per lineal foot are about as follow, viz., for 4£-in. 
brickwork, Is. 2d. ; for 6-in. brickwork, Is. 8d. ; 
and for 9-in. brickwork, from 2s. 2d. to 8s. 6d., 
according to the width. 



§ X.— ARRANGEMENT OF THE OUT-BUILD- 
INGS OF SMALL HOUSES. 

Those who intend to build houses mostly have 
them built according to their own arrangement and 
fancy ; and this must be so ; and I offer the following 
remarks only as a suggestion, but one which is founded 
on an experience of different arrangements, some of 
which, though not any less expensive, are less con- 
ducive to the convenience and health of the tenants 
than the one shown in the accompanying sketch. 

For instance, there may be a row of houses with 
an entry between each two of four, and opposite the 
entry a common washhouse for the four houses. 
There can hardly be a worse arrangement. When 
there is a common yard to several houses it is of prac- 
tical importance that the outbuildings be so arranged 
as to prevent, as far as circumstances make possible, 
a concentration of the work to be done, or rather a 
congregation of persons, on one spot for the perform- 
ance of any office ; as, for instance, for washing. It 
is too much to expect that four women should amicably 
arrange their washing days so that one washhouse 
shall serve for all; but two may so agree. The ar- 
rangement shown in the sketch is not an invention or 
design of my own, but is one which I have found to be 
better than the other I have mentioned. 

As to the privy place, it is better on all grounds 
that there should be a separate one to each house, as 
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indicated in the sketch, but one cesspit for the two 
does well enough. 

Fig. 28. 
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the washhouse, and one roof covers all — washhouse,. 
privies, and cesspit. The ends of the space occupied 
by the cesspit are left open. The ashes of the house- 
fires may be thrown into this place, or there may be a 
separate ashpit for dry ashes, as shown at the back of 
the coal-sheds. 

Each washhouse has a boiler, and every two ad- 
joining washhouses have a common chimney, and as. 

Fig. 29. 
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it adjoins the two cesspits it may be made to ventilate 
them by leaving a half-brick hole on each side. This 
is not essential. Sufficient ventilation is afforded by 
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leaving the two ends open, as before described. In 
each washhouse is a sinkstone, under the window, 
and the waste pipe from the sinkstone passes under 
the paving of the yard and empties into the trap oppo- 
site, which is set low for this purpose, into which also 
the house slops are thrown. A trap is arranged con- 
veniently near the door of each house, for when there 
is no such convenient place near the door the slops are 
thrown anywhere. These are but trivial things, in 
one sense, but in the aggregate they are of much 
importance. The central open space shown in the 
sketch gives room for the children to play in. 



§ XI.— PAVING MATERIALS. 

The paving of the surface of back yards, and of all 
spaces extending for some distance from the thresholds 
of house doors, is an essential part of house drainage* 
Without it a house cannot be kept clean, as we have 
said in another place. Without paving, the surface of 
the ground is worn into holes, which are puddle-holes 
in wet weather, and at all times an unpaved surface 
near the common door of a house is necessarily in a 
dirty condition. 

After the house drain has been properly laid there 
is no need to again disturb the surface, and in that 
case it may be asphalted, at a cost of from Is. 6d. to 
2s. per square yard ; but of course something more 
•is necessary than to mix gas-tar and gravel together 
and lay it down, as is sometimes done, and called 
asphalte. The pitch of gas-tar should be procured, 
and remelted, and a portion of the oil which had been 
extracted for chemical purposes should be added to 
the melted pitch. After the naphtha has been taken 
out of gas -tar there remains a residue, out of which an 
oil — commonly called creosote oil, although proper 
creosote is distilled from wood-tar — is extracted, and 
is used with melted pitch to bring it back in some 
degree to a state of tar. The boiler or pan in which 
the pitch is melted should be fitted with a tap, through 
which the liquid contents may be drawn. First, put 
into the boiler 1 gallon of the creosote oil to 1 cwt. of 
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pitch ; boil them ; add more oil, up to 1 \ or 2 gallons 
to the cwt. of pitch, as required. Draw off a small 
quantity into cold water from time to time and try its 
stiflhess by dipping a straw or stick into it, and make 
it so that it will barely run down the stick ; or touch 
it with the finger, and if, on slowly withdrawing the 
finger, it adheres and follows it in a string, it is of 
the proper consistency. Boil well and mix thoroughly. 
Let the foundation upon which the asphalte is to be laid 
be free from dirt. If gravel be the material used let it 
be first dried, and then pass it through a screen of 
l|-in. mesh, then through another of % -in. mesh, and 
then take out the sand through J-inch mesh; the 
coarse stuff to be laid in the bottom. Engine cinders 
are a good material. Pass them through a 2-in. 
screen ; break the coarse lumps for the bottom ; screen 
the middle stuff again for the top through £-in. mesh. 
For footpaths or yard paving, \\ to 2-in. is a suffi- 
cient thickness ; for roads, 3 to 3 £-in. Eoll each coat* 
well with a 6 or 7-cwt. roller ; or better, 10 cwt. Where 
a number of surfaces about houses are to be paved at 
once, there need be no difficulty in finding the proper 
materials and the workmen to apply them. 

The dark appearance of the asphalte can be relieved 
by sprinkling over it the sittings of clean gravel, clean 
and dry quarry rubbish, the red ashes of engine fur- 
naces, or, best of all, crushed spar from limestone 
quarries. 

Portland cement may be used for the paving of yard 
surfaces, where gravel is plentiful, in the following 
manner : — 

Let the ground be removed to a depth of 3J inches. 
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Mix, then, clean coarse river gravel with ground hy- 
draulic lime, or cement, in the proportion of 1 of lime 
or cement to 6 of gravel, and lay this down of a thick- 
ness of 2 inches. Screened gravel is then to be mixed 
with Portland cement, in the proportion of 2 of ce- 
ment to 5 of gravel. This is to be deposited upon 
the previous layer before the lime has had time to 
set. The surface of this second layer is to be then 
grouted with neat cement until a fair face is produced* 
with flatting tools. Upon the neat cement clean sharp 
sand is to be spread and beaten into it. The cost of 
this, where gravel is plentiful, is 2s. Sd. per square 
yard. 

The quality of the cement should be tested by 
making a bar of the neat cement an inch square and 
something more than a foot in length, and, giving the 
bar 1 ft. clear bearing, place a weight of 36 lbs. upon 
the centre of it. This «an be done by anyone, any- 
where, while the test by direct pull requires special 
apparatus. 

Paving-bricks make good work, especially the dust 
bricks made in Staffordshire, and the burrs made in 
Shropshire. They should be bedded in cement, with 
which also the joints should be flushed. 

Whatever the paving be constructed with, channel 
bricks should be laid to convey the house slops to the 
gulley or drain-trap. 

Sandstone flags, such as are procured abundantly in , 
Yorkshire, are perhaps the best paving materials, when 
squared down to a depth of 2 inches on the edges, and 
solidly bedded upon a foundation of clean cinders, 
gravel, or brick rubbish, not less than 4 inches dee^u 



§ ttt- — coMPOsrnoy of se^ag-e. 

O? the composition of sewage tie Eiv^rs FrUntion 
Commissioners aaj". in their Report, dated Febraary, 
1S70. "• Sewage is & very complex liquid : & Zarse pro- 
portion or its most oriensjre marsers is. -;f coarse, 
himan excrement, discharged fr:ni wascr-nose^s and 
pcries. ami also urine thrown down riZr-hoLes : bat, 
mixed with this, there is the water :r*;m kitchens, con- 
taining vegetable, anfmil, ami other refuse, and tfr*t 
from wash-houses* coirarning soap ami the irrnal mat- 
ters ttom soiled Tfm*Ti^ There is also the drainage from 
scabies ami cow-houses* ami that fr;m siiu^Iiter- 
houses, containing arimal and tegetabae csEiL In 
cases where privies and cesspools are used instead of 
wascr-cksets. «r these are not connected witii the 
sewers* there is st3I a Iaree proportion or human 
refuse in the form of chamber slops ami urine. Tn 
:act. aewage cannot be looked upon as composed 
*o iely of h^man excrement diluted with water, bat as 
wat*r polluted with a vast variety of matters : some 
held in suspension, some in solution/* 

Li December. 1S*». Mr. Edward Smith. F.C.S-. read 
a paper before me Torquay Natural History Societw 
which he called " The Cbeniistry of Sewage " and in 
whiei he estimates the bulk of excreta at 10 cubic feet 
per annum per head of population* and its weight at 
£30 lbs. The feces form Vy and the urine -jV of the 
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bulk, or 1 cubic foot faeces and 9 cubic feet urine per 
head per annum. 

" Food is partly assimilated and partly excreted as 
urine and faeces. The urine consists of water holding 
in solution a highly nitrogenised body called urea, as 
well as sulphates and phosphates of soda and potash, 
and common salt. The faeces consist of those sub- 
stances which have not been digested, such as disinte- 
grated muscle, bone, or mucus, and those salts which 
are insoluble in water, viz., phosphate of lime and 
phosphate of magnesia. The urine yields — by drying 
or evaporation — about 4 per cent, of dry solids, and 
the faeces yield, by drying, about 25 per cent, of dry 
solids. Thus, speaking broadly, the mixed excreta 
contain urea, with phosphates and sulphates of soda, 
potash, lime, and magnesia. But the nitrogen of the 
urea is readily converted into ammonia, that is, into a 
compound of nitrogen and hydrogen, the ferment or 
active agent of the change being a peculiar nitrogenous 
substance always voided with the urine. Therefore 
we may put the available educts of excreta as am- 
monia, phosphoric acid, sulphuric acid, potash, soda, 
lime, magnesia. The human excreta simply represent 
the ingredients taken from the soil in the shape of 
wheat, potatoes, sheep, or oxen, and these alkaline 
phosphates and sulphates are as essential to the growth 
of vegetables as food is to man." 

In Krepp's " Sewage Question " it is stated that 
the average of the estimates of Liebig, Lawes, Hof- 
mann, Witt, Way, Thudichum, Boussingault, Stock- 
hardt, Saussure, and others, is as follows : — 
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Solids (about l-10th of bulk) 
Fluids, (about 9-10ths of bulk) 



Per day. 


Per annum. 


0-24 lbs. 
1-95 lbs. 


87*60 lbs. 
711-75 lbs. 


1-39 eft. 
11-29 eft. 


2-19 lbs. 


799 35 lbs. 


12*68 eft. 



The four principally useful ingredients of an average 
individual are said to be — 





Faeces. 


Urine. 


Total. 


Ammonia (nitrogen.) 

Phosphate of lime (phosphoric acid). 

Potash 

Organic substances . ... 


1-49 lbs. 

2 -00 lbs. 

0-25 lbs. 

10-51 lbs. 


9*38 lbs. 

2*80 lbs. 

1-08 lbs. 

22 -49 lbs. 


10-87 lbs. 

4-80 lbs. 

1-33 lbs. 
33 -00 lbs. 




14-25 lbs. 


35.75 lbs. 


50*00 lbs. 



The solid and fluid excrement is thus again di- 
vided : — 





Faeces. 


Urine. 


Water 

Organic substances . . .. . . 

Nitrogen* ...... 

Phosphoric acid + 

Potash . 

Insoluble silica 

Oxide of iron 

Lime .. 

Magnesia 

Sulphuric acid 

Soda 

Chloride of sodium ..... 


per cent. 

75 

12-20 
1-40 
1-06 
0*29 
1-48 
0-54 
1-72 
1-55 
4-27 
0-31 
0-18 


per cent. 
93-99 
4 15 
1-42 
0-24 
0*20 


* Nitrogen equal to ammonia . 


. Fa 


,ces 1-70 



t Phosphoric acid equal to phosphate of lime 



Urine 1*73 
Faeces 2 4 30 
Urine 0-52 
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From Dr. Letheby's "Notes and Chemical Ana- 
lyses/' reprinted from the " Medical Press," it appears 
that the average proportions of organic and mineral 
matters per gallon of London sewage, taken from ten 
different parts of the city, were as follows : — 



Number of Grains of Solid Matter in 70,000 Grains (being 
1 Gallon) of Sewage. 







Organic. 


Mineral. 


Total. 


In solution . 
In suspension . 


Total 


15-08 
17*06 


40-66 
21-09 


5574 
38-15 




32-14 


61-75 


93-89 


Leicester Sewage. 


In solution . 
In suspension . 


Total 


13*49 
5-50 


56*51 
13-65 


70-00 
19-15 




18-99 


70-16 


89-15 


Tottenham Sewage. 


In solution . 
In suspension . 


Total 


9-49 
14-53 


45 01 
25-46 


54-50 
39*99 




24 02 


70-47 


94*49 



In the Eeport of the Eoyal Commission on the pol- 
lution of rivers, issued in February, 1870, 21 analyses 
of London sewage are given, the averages of which are 
as follow : — 

Total solid matters in solution, 64*54 in 100,000 
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parts by weight, which would be 45*18 in 70,000= 
45*18 grains in a gallon. 

In suspension 27 '04 organic matter. 
42*46 mineral „ 



Total 69 '50 in 100,000 parts by weight, which would be, per 
gallon 18*93 organic. 
29*72 mineral. 



Total 48*66 

In the same table of the Report are 29 analyses of 
the sewage of 16 other places — large and small towns 
— the averages of which are as follow : — 

Total solid matters in solution, 77*74 in 100,000 
parts by weight, which would be 54*42 in 70,000= 
54*42 grains in a gallon. 

In guflpension 15*97 organic matter. 
14*05 mineral ,, 



Total 80*02 in 100,000 parts by weight, which would be, per 
gallon 11*18 organic. 
9*83 mineral. 



Total 21*01 

In the foregoing 16 towns water-closets are in use, 
but by another table of analyses of the sewage of other 
places where water-closets are not in general use — 
called " midden towns " — it appears, from the same 
Report, that the proportion of solid matter in the 
sewage is quite as great; e.g., 37 samples showed an 
average quantity of solid matters in solution equal to 
82*4 parts in 100,000 parts by weight, or 57*68 in 
70,000=57*68 grains in a gallon. 
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In suspension 21 '30 organic matter. 
17*81 mineral „ 



Total 39*11 in 100,000 parts by weight, which would be, per 
gallon 14*91 organic. 
12*47 mineral. 



Total 27*38 

This is contrary to what one would suppose, but in 
these " midden towns " we know that a drain is or was 
commonly laid between the bottom of the midden and 
the sewer, by which means the faecal and other matter 
was washed away in wet weather into the sewers, and 
this may account for there being even more solid 
matter in the sewage of these towns than in that of 
those where middens so drained do not exist. 



§ XIII.— DISPOSAL OF SEWAGE. 

In animal and vegetable life a constant round of 
changes is going on. Vegetation feeds upon decom- 
posed vegetable and animal matter, converting sub- 
stances noxious to the life of animals into healthy 
vegetation, when dissolved by water and taken up by 
the rootlets of the plants and converted into sap. 
The same vegetation, after a sufficient growth, is in its 
turn the food of animal life, which, in the process of 
its growth, throws off the refuse to feed vegetation 
again. Of the effete organic matter to be removed 
from the premises of houses, that which is of animal 
origin is destructive to the healthy life of animals, but 
it is the sustenance of the life of plants, and, through 
them, of the animals which feed upon them. To bring 
back the same elements which were poisonous to 
animal life in the form in which they were thrown off 
from it, they must undergo the complete transforma- 
tion which passing into vegetable life involves, before 
they are rendered again fit and proper food for ani- 
mals, — the elements, that is to say, not their husks or 
embodiment. 

The process of cleansing sewage is essentially a 
chemical one, either natural-chemical or artificial-che- 
mical. The sewage may be so exposed to the action 
of atmospheric air that the organic matter becomes 
oxidised and changed into harmless substances, which 
is a natural-chemical process. 
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Sewage should be conveyed to the earth as quickly 
as possible after its delivery at the end of a drain or 
sewer, and should be kept moving, for it is stagnation 
of the sewage which causes a nuisance, and it is pre- 
cisely stagnation which prevents the sewage being 
used profitably. A water-logged soil will grow nothing 
of any value. There must be motion in the sewage, — 
slow, of course, but still, movement. 

The pores of the earth are at all times filled with 
either air or water. When the one is expelled the 
other takes its place. Some part of the organic matter 
of the sewage — that which is already in the proper 
stage of decay to be assimilated by vegetation — is at 
once removed in that way^ another part is stored in 
the earth, awaiting its further stages of decay, while, if 
the quantity be large, and more than these two pro- 
cesses can deal with, the surplus is carried down below 
the top soil, and would run off unpurified, but that, by 
laying drains at a sufficient depth, air is allowed to 
penetrate the pores of the earth, which changes the 
decaying organic matter into harmless substances, by 
a process of oxidation. If sewage be allowed to flow 
over a piece of land for a time, and then be shut off 
from that particular piece, it passes down into the 
drains, being followed in its progress through the 
pores by atmospheric air, which become filled there- 
with as they were before the air was expelled by the 
incoming sewage water. It requires a considerable 
time for the exhaustion of the sewage from the pores 
down to the level of the drains, for the exhaustion 
proceeds at a rate less and less every hour after the 
stoppage of the flow. If the sewage run on to a piece 
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of land for 6 or 8 hours, it may require the next 18 or 
16 hours for the ground to be renewed with fresh air ; so 
that the whole area should be divided into 3 or 4 areas, 
on to which the sewage should be made to flow in 
turns. This is the method of intermittent nitration, 
and by it a much smaller area of land is required to 
purify a given quantity of sewage than is required in 
the ordinary method of irrigation — not more than one- 
tenth as much ; but there is less profit in its use. In 
order to apply sewage to land with profit, there should 
be an acre to from 50 to 100 of the contributing popu- 
lation — more or less according to the nature of the 
land and the crops grown. 

Mr. W. Hope, V.C., who is an authority on the 
utilisation of sewage by way of irrigation, says that 
50 persons to an acre are too many, and that a given 
quantity of sewage may be more profitably utilised by 
apportioning an acre to every 20 or 30 persons. Never- 
theless it would seem that in situations where so 
much land as that would require cannot be had, an 
acre to from 50 to 100 persons suffices to cleanse the 
sewage. 

Sewage irrigation, as ordinarily practised, is a kind 
of intermittent nitration, but instead of the pores of 
the ground lying exposed to air, as in intermittent 
nitration, for 16 or 18 hours, the sewage continues to 
flow over the same area for days together. The puri- 
fying effect of the porous ground over which sewage is 
made to flow intermittently is proportionate to the 
extent of its pores, or to its cubic capacity, within 
moderate range, so that if the drains are laid at a 
depth of 6 feet below the surface the purifying effect 
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of an acre of ground is equal to that of two acres when 
the drains are only half that depth. Drains are 
equally necessary whether the sewage be used by way 
of irrigation or by way of intermittent filtration, but in 
the former case the effect is dependent rather upon the 
extent of surface than the depth of drained ground. 
Different kinds of soil affect the cleansing of sewage 
differently. A clayey soil seems to possess the requi- 
site properties in a greater degree than others : but if 
the land be a stiff retentive clay it is so dense, of itself, 
that a larger area is required, while sand of itself has 
no purifying properties other than those which porosity 
gives it. A mixed soil, of clay, sand, and lime, would 
seem to be the best. 

In country places, where houses are situated widely 
apart, the sewage may be taken separately from each 
house to the nearest available piece of land. Where 
houses are near together it is more advantageous to 
lay a common sewer into which the separate houses 
may be drained. 

The " Automatic Sewage Regulator," recommended 
by Messrs. Bailey Denton and Rogers Field, is the 
means of applying small quantities of sewage to land 
beneficially. Unless sewage comes on to land in suffi- 
cient quantity to cause a smart flow it cannot be dealt 
with properly; it cannot be turned in the various 
directions required from time to time. The regulator 
stores up in a tank the dribble of sewage from a 
few houses, and when the tank is full it is emptied 
automatically through a syphon pipe, and flows 
on to the land in a proper stream while it does 
flow. Thus each tankful may be turned on to any 
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part of the land requiring it, which may afterwards 
be allowed to rest and become aerated before other 
sewage is turned on to it. Mr. Joseph Hutchinson, 
22, Whitehall Place, London, supplies all particulars 
required. 

In some situations it would be impossible to place 
the sewage on land for irrigation or intermittent filtra- 
tion, unless at too great an expense of pumping or 
otherwise. 

In these cases the old plan of precipitation of the 
suspended matter is adopted, and the clarified liquid 
— the water — is run off into the natural watercourses. 
It must be admitted that by this plan, although it is 
economical in the first outset, the greater part of the 
fertilising value of the sewage flows off with the water, 
and that what is left behind in a solid state is not of 
much value — not more than one- seventh of the whole 
value, — the fertilising elements in solution being of a 
value six times that which is held in suspension, and 
which can be precipitated. Nevertheless, when it is 
impossible to adopt a system which saves more of the 
fertilising ingredients, this plan is one to which atten- 
tion is turned with the view to apply it in the most 
effective manner. The sewage is received into tanks, or 
into tank-sewers, or tunnel-sewers, so arranged that it is 
allowed to come to rest in one of them while another 
is being filled. The precipitation of the solid matter 
is hastened and made more perfect by the addition of 
some ingredient (as sulphate of alumina), which causes 
the solid matter of the sewage to flocculate and fall 
quickly to the bottom, and, in order to prevent any 
fermentative action, by which a scum would rise to 
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the surface, a small quantity of lime is added to the 
sewage before it arrives at the end of the sewer. 

Mr. Hawksley, C.E., has recommended for Bir- 
mingham a cheap sulphate of alumina, and afterwards 
a small quantity of the milk of lime, to cause an alka- 
line reaction, by which the effluent water is rendered 
clear and inodorous. 

The system of Mr. F. Hille is similar ; but he uses, 
in addition to lime, tar and the salts of magnesium, 
a nd the products arising from the calcination of lime. 
By this process the effluent water is brought to a state 
of comparative purity, and is afterwards filtered inter- 
mittently either through artificial filters or through 
land. 

By the tank system the supernatant water is run off 
in a clear state, and it is the better way to run it off 
from the top downwards. This is done either by a 
floating weir or by a vertical pipe, made in sections to 
stand one upon another, a section being raised from 
time to time as the water sinks by flowing off. This 
vertical pipe may also be used as the overflow outlet. 

Legal and other processes.— It has sometimes oc- 
curred that the distinction between those works 
which the Sanitary Authority are to do, as the 
public body, and those which owners of private 
property are to do at their own expense, has not 
been at once perceived. We propose, therefore, to 
point out a few of the sanitary laws and customs. 
There are two main divisions of the subject ; (1) that 
which embraces what the Sanitary Authority are to do, 
and (2) that which private persons are to do. This 
latter, again, is subdivided into that which the owner 
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is to do, and that which is to be done by the occupier. 
The occupier, as a rule, is to remove all nuisances 
which are not caused by the want of structural conve- 
niences on the premises ; the owner is to do all struc-. 
tural work necessary to enable the occupier to keep the 
premises in proper sanitary condition; and the Sani- 
tary Authority are to do the rest. But, in general, it is 
necessary that the Sanitary Authority should do their 
part of the work first, in order that the owners of 
property may be enabled to do their part, even as it is 
in many cases necessary that owners should do their 
part before the occupiers can do theirs ; as, for in- 
stance, when the nuisance arises from the want of a 
house- drain, a sewer is first required with which it 
may be connected. It is stated in section 15 of the 
Act that " Every local authority shall keep in repair 
all sewers belonging to them, and shall cause to be 
made such sewers as may be necessary for effectually 
draining their district for the purposes of this Act." 
And in order to do this they may lay any sewer in any 
public road or street or other ground now occupied as 
a road or street, or which is intended to be given up 
for that purpose ; and if it is necessary to lay a sewer 
through private land within the district in order the 
better to complete the system of sewerage, it may be so 
laid after giving reasonable notice in writing to the 
owner or occupier of the intention to do so (the land 
and all damages being, of course, paid for). And, 
further, if it is necessary in order to procure a proper 
outfall for the sewage, or for its distribution, that a 
sewer be laid beyond the district boundary, it may be 
so laid by giving three months' notice of the intention, 
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by advertisement in one at least of the local news- 
papers. The notice is to contain all such particulars 
of the intended work as may be sufficient for the 
understanding of the intention by every person inte- 
rested, and it is to state where a plan of the intended 
work may be seen. 

When land is required for the purposes of the Act 
it is taken either by agreement or under the powers of 
the Lands Clauses Consolidation Acts; but before 
putting in force any of the powers of these Acts the 
local authority are to publish in a local newspaper 
once at least in each of three consecutive weeks in 
November an advertisement describing the nature of 
the works for which the land is required, and stating 
how much is required, and where a plan may be seen ; 
and are further to serve a notice in the month of 
December on the owner and lessee and occupier of the 
land, and requiring an answer whether the person 
assents, dissents, or is neuter in respect of taking the 
land required. The local authority then furnishes the 
information to the Local Government Board, and asks 
that they be allowed to put in force the Lands Clauses 
Consolidation Acts, whereupon the Local Government 
Board will direct a local inquiry to be made as to the 
propriety of making a provisional order in the matter, 
and if the government engineer who holds the inquiry 
approve of the plan the provisional order may be 
made, and the local authority are to serve a copy of it 
on the owner, lessee, and occupier of the land pro- 
posed to be taken. 

As to serving the notices in the months of November 
and December as above-mentioned, they may be served 
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in September and October, or in October and Novem- 
ber, provided that in either of these cases an inquiry 
preliminary to the provisional order shall not be held 
until the expiration of one month from the last day of 
the second of the two months in which the notices are 
given. 

When it is desired to borrow the money for perma- 
nent works from the Public Works Loan Commis- 
sioners and to spread the repayment over a term of 
years, an engineering inspector of the Local Govern- 
ment Board usually holds a local inquiry into the 
merits of the proposed works, at which inquiry all 
parties interested may be heard, either for or against 
the proposal, and he reports for or against the request 
to the Local Government Board. Certain forms are 
furnished by the Board to be filled up by the engi- 
neer acting for the local authority, describing the 
nature and extent of the works and the estimate in 
detail, together with other particulars. At such an 
inquiry it is very desirable to have at hand every 
detail, both of the intended construction of the works 
and the estimated cost, the nature of the ground, and 
so on. The estimate is the chief thing to be inquired 
into, no doubt, and of course this cannot be accurately 
made out until both plans and sections are made, as 
well as detailed drawings, even though they be made 
out only in the rough; but it is certainly better on 
all hands (if time will allow of it, which it sometimes 
will not) that the plans should be wholly completed 
before the inquiry takes place, and not only so, but 
that duplicate plans and sections should be furnished. 
A civil engineer of much experience is apt to think 
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little of these formalities, and to rely upon the merits 
of his plan even though they may be unseen, but it is 
better not to trust to this. 

By the 23rd section of the Act, " Where any house 
within the district of a local authority is without a 
drain sufficient for effectual drainage, the local autho- 
rity shall by written notice require the owner or occu- 
pier of such house, within a reasonable time therein 
specified, to make a covered drain or drains emptying 
into any sewer which the local authority are entitled 
to use, and which is not more than 100 feet from the 
site of such house ; " and goes on to say that if there 
is no sewer within 100 feet, then that the drain is to 
empty into a covered cesspool or other place. 

Here, it may be observed, there seems to be some 
contradiction between this and the 94th clause, which 
has a provision that where the nuisance arises from 
the want or defective construction of any structural 
convenience, notice is to be served on the owner ; and, 
in general, the owner is to lay the drain and do all 
other constructive work within the curtilage of his own 
premises. 

If the notice is not complied with the local authority 
may, after the expiration of the time specified in the 
notice, do the work and recover the expenses from the 
owner. 

The execution of the sewers is usually let by con- 
tract, as a whole, and the private drainage work is some- 
times done by each owner of property employing whom 
he likes to do the work, and sometimes it is done by the 
same contractor who does the sewerage work, at a 
schedule of prices agreed upon previously. By the 



148 SANITARY WORK. 

latter method the owners of property have a guarantee 
that the prices are fair and equitable, without being, 
on the one hand, so small that the work cannot be 
properly done for them, or, on the other, exorbitant. 
By the former method the persons employed do not 
always know what the work is worth, beforehand, not 
being much accustomed to the kind of work, and if 
they are asked to say beforehand what they will do 
the work for they are more likely to over-estimate than 
to under-estimate the cost of it, and in that case the 
owner of the property suffers a loss, but it sometimes 
happens that he who is to do the work under-estimates 
its worth, and when that is so he either loses money or 
his efforts to recoup himself lead to bad work being 
done. Nevertheless there are advantages in employing 
local men to do the private drainage work, for they 
thus become, under proper supervision, educated to 
the kind of work required. 
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THE SMALLER TOWNS AND IN VILLAGES* 



PAET III. 
WATER-SUPPLY. 

§ XIV.— QUANTITY. 

A water supply is usually reckoned in point of 
quantity on the number of gallons per head of the 
population per day. At this rate the quantity actually 
supplied to towns varies from twenty in some to forty 
in others, in the majority of cases, and of these most 
incline towards the smaller number. There are ex- 
ceptional cases where the supply is greater than the 
higher number, and others where it is smaller than the 
lesser number, but in most cases the quantity is 
between twenty and forty, and the average of all is 
probably not far from twenty-five. These differences 
in the requirements of different places seem to be 
attributable for the most part to the condition of the 
distributing pipes and the house-fittings. Where 
these are of bad construction the quantity of water 
unavoidably wasted is very great, and as the quantity 
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is reckoned upon that supplied rather than upon that 
used, the waste is included, and swells the amount to 
something beyond all reasonable limits when the 
quantities actually used for the separate purposes of a 
household are reckoned up. 

But besides this cause of difference, resulting from 
the condition of the distributing pipes and house- 
fittings, there is a difference in the requirements 
between a purely agricultural district and a mining 
and manufacturing district. In the former a smaller 
quantity of water is required for personal washing, 
and especially for clothes-washing, and less also is 
required for the general cleanliness of houses in an 
atmosphere free from smoke and dust, than when the 
air is loaded with both ; and according to the present 
constitution of rural sanitary districts many places are 
included in them in which a large quantity of water is 
required for these purposes. 

It is not so much the question how little can people 
do with, or what quantity they use when they have to 
fetch it from long distances, but — what quantity they 
legitimately use when the houses and premises, and 
the clothes and persons of households, enjoy a con- 
dition of cleanliness. 

The actual quantity used varies in an inverse ratio 
with the quantity of dirt about a household. 

Where the water-supply is deficient, experience 
proves that neither persons, clothes, nor houses are 
kept in a state of cleanliness, and where circumstances 
make personal cleanliness impossible there must surely 
be misery. When a workman, whose occupation is a 
dirty one, comes home, if he could plunge into water 
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and get the dirt off him he would he set up for the 
evening, and he more inclined to stay at home than he 
is where all is dirt around him. 

One must consider that there are two lands of dirt : 
the one mineral, and inoffensive ; the other is refuse 
organic matter. We do not feel defiled hy contact 
with the one, but contact with the other is abhorrent, 
and there ought to be in every household a sufficient 
quantity of water to wash it off frequently. Those 
who suffer the dirt which is caused by the perspiration 
of the body to linger underneath the clothes, out of 
sight, are essentially dirty. We cannot all be rich, 
but we can all be clean. 

The whole daily quantity of a water-supply is 
divided into three portions, viz., (1) for domestic use, 
(2) for public sanitary purposes, (3) for trades' pur- 
poses. The first two are everywhere required, and 
may be taken together as follows, where the dis- 
tributing pipes and house-fittings are of good con- 
struction and their condition properly attended to. 
Where the occupation of the bulk of the people is 
not a dirty one, fifteen gallons per head of the popula- 
tion per day. Where the occupation of the bulk of 
the people is a dirty one, as in a mining and manu- 
facturing district, twenty gallons per head per day. 
For trades' purposes the quantity varies greatly in 
different places. In some it is half as much as the 
quantity used for domestic and public sanitary 
purposes together, but it so completely depends upon 
the necessities of the locality that nothing definite can 
be stated for it. Whatever it may be in any locality it 
is to be added to the quantities given above. For 
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trades' purposes, water is mostly supplied by meter and 
charged at a price per thousand gallons. Supposing 
the quantity required for trades' purposes to be one- 
third of the quantity required for domestic and public 
sanitary purposes together, the total quantity would 
be from twenty gallons to twenty-seven gallons per 
head of the population per day, accordingly as the 
occupation of the bulk of the people is not, or is, a dirty 
one. And these would be the quantities where the 
house-fittings are of good construction and where 
proper precautions are taken to prevent waste. They 
are far less than the actual quantities supplied in many 
towns, but the surplus is wasted. The late Mr. James 
Simpson supplied to the Royal Commission on Water 
Supply a list of fifteen towns in which the average 
quantity is 21 gallons for domestic purposes, and 
22£ gallons for all purposes; and Mr. Bateman 
supplied a list of eight or ten towns in which the 
average domestic supply is 25£ gallons, and the total 
supply 80£ gallons per head per day. In these 
averages the quantity taken for other than domestic 
purposes is about one-fifth of the domestic supply ; 
but it is to be remembered that the quantity set down 
as for domestic purposes is not a measured quantity, 
but is the result of deducting the trade supplies from 
the total known supply, and therefore includes the 
waste, which, in some towns where the house fittings 
are of old construction, is very great ; and when waste 
is prevented the fixed quantity required for trades' 
purposes bears a greater ratio to the domestic supply. 
Examples of Charges. — The charge for the do- 
mestic supply is about, on an average, five per 
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cent, on the rateable value of the house, or one 
shilling in the pound ; but it varies, both in (lif- 
erent places and with the rental. The scale gene- 
rally begins with houses not exceeding £4 a year, 
which are charged at the rate of Id. a week, or 
4s. 4d. per annum, and follows on nearly at the rate of 
one shilling in the pound, reducing, however, as the 
rent advances, so that a £50 house is perhaps charged 
at 47s., a £75 house at 70s., and a £100 house at 90s. 
Of course the original cost of the works influences 
the scale a little more or less, but the figures above are 
not unusual ones. 

For trades' purposes water is supplied either by 
meter or by a scale of charges. There are some 
trades in which the quantity is not great enough to be 
metered. The price per 1,000 gallons is reduced with 
the increase in the quantity taken, and rapidly so 
where the water is supplied by gravitation. 

For instance, the Manchester scale is, for a quarterly 
consumption not exceeding 6,000 gallons, 2s. per 
1000. If the quantity be 10,000, it is Is. 10£d. ; if 
20,000, Is. 9d.; 50,000, Is. 7%d.; 100,000, Is. 8£d.; 
150,000, Is. 2d.; and so on until when the large quan- 
tity of 500,000 gallons per quarter is taken the charge 
is 10d.; for a million gallons, 7£d., and 8 millions less 
than 5d. per 1000 gallons. 

Then there are annual charges by scale, such as 

£5 per annum for a brickmaker's stool. 

10s. „ for a smithy fire. 

21s. ,, for a slaughter-house. 

21s. ,, for a warehouse. 

4s. „ for each cow. 
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4*. 



for each horse (private"). 



7s. „ „ at livery stables, 

3s. „ for a 2-wheel carriage. 

5s. ' „ for a 4-wheel carriage. 

6rf. ,, per head in manufactories. 

Private baths are included in the charges for do- 
mestic purposes — as, indeed, would seem to be reason- 
able in all cases. 

The domestic and public sanitary rate in Manchester 
is arranged in a way which has been since followed 
elsewhere. Instead of levying the whole amount re- 
quired {Is. in the £) on house property, the rate is 
divided thus : 9d. in the £ on houses, which is called 
the domestic rate, and 3d. in the £ on all rateable 
property alike, including mills, manufactories, &c. It 
is evident that a supply of water, always under pressure 
in the street mains, day and night, is of value to pro- 
perty in general, as well as to dwelling-houses, and the 
proportion fixed upon at Manchester was 3d. for 
public and 9d. for domestic purposes; but the pro- 
portion is subject to variation ; in Liverpool the public 
rate is 6d. and the domestic rate only 4%d. 

The Leek scale for trades' purposes, other than those 
charged by meter, is as follows, per annum. 

Barber's shop, using wash-hand basin . 5 
Building brick walls (per cubic yard, Id.) 
Building a house, one year's water-rate 
Builders' and wheelwrights' shops, per bench 4 
Coopers and wood-turners, per person 

employed 4 

Curriers, per person employed . ..16 
Cows, each 3 



3 





4 





2 





2 





2 





1 


6 





4 


2 








1 


2 
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Horses, each 

Carriages used for hire, each . 
Ditto not used for hire . . . . 

Drug shops, per person employed 
Blacksmith's shops, per hearth . . . 
Printing offices, per person employed 
Plumbers, painters, and paper-hangers, 
per person employed . . . . 
Silk twisters, per gate .... 
Slacking lime, per cwt. • . . . 
Surgeries, per person practising 
Water-closets in mills, workshops, and 

public buildings, each . . . . 10 
Hotels, inns, and public-houses (having 
stables), 30 per cent on the domestic 
rate. 
Eating-houses, 20 per cent, ditto. 
Warehouses, lock-up shops, and offices, 
from 15 to 30 per cent, of the rate 
charged on dwelling-houses of equal 
value. 
By meter the charge varies from 1$. 4rf. per 1000 
gallons for a consumption of 5000 gallons per quarter, 
to Is. per 1000 for 10,000, 9d. per 1000 for 20,000, 
7 id. for 40,000, 6d. for 100,000, down to 5jd. for 
200,000 gallons per quarter. 

In the Stockport scale brewers are charged as fol- 
lows, on the quantity of malt brewed per annum,* 
For any quantity not Exceeding 50 loads . £1 10 
Above 50 loads, and not exceeding 100 loads 2 10 
„ 100 „ „ 150 „ 8 5 
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Above 150 loads and not exceeding 200 loads 3 17 6 



400 



900 



1400 



500 



1000 



5 19 9 



8 4 9 



10 3 6 



1500 
Note, a load = 6 bushels. 

At Norwich the charge for " domestic " purposes, 
which does not, however, include a bath in a house, 
which one would suppose to be one of the most neces- 
sary of domestic purposes, is 4s. 4d. a year when the 
rent (not the rateable value) is less than £5 a year. 
When that is as much as £5 and is less than £100, 
the charge is 5 per cent, on the rental, or Is. in the £. 
When the rent (i.e., the net rent at which the house 
would let to a tenant from year to year) is £100 or 
upwards, the charge is 4 \ per cent, on the rental. The 
charges for other uses than those charged by meter 
are as follow, per annum : — 

Greenhouses, 4d. per square yard of site. 

Gardens attached to houses, and included in the 
rent, 2s. for every 10 rods. 

Gardens not attached to houses, 2s. 8d. for every 10 rods. 

One horse, 6s., and each additional one, 4s. 

Each 4-wheel carriage, 6s. 

Each 2-wheel carriage, 4s. 

Street watering, Id. per square yard watered once a 
day, or 2d. when watered twice a 'day. 

For special protection against fire, and not to be 
used for any other purpose, 8s. for one opening, and 
2s. for each additional one. 
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The house-service pipes are to be of lead, unless 
otherwise agreed upon, and are not to be of less than 
the following weights, namely, 

f -inch pipe 5 lbs. per yard. 

k „ 7 lbs. 

I „ 9 lbs. 

i „ 11 lbs. „ 

1 ., 16 lbs. „ 

li „ 22Jlbs. „ 
These pipes are heavier than those in some other 
places, as, e.g., at Yarmouth. 

YARMOUTH. DURHAM. 

J-in. pipe, 5 lbs. per yd. f -in. pipe, 4£ lbs. per yd. 
f „ 6£lbs. „ J „ 6| „ 



1 ,. 8 lbs. 


1 


» 12 „ 


1 „ 11 lbs. „ 


1 


9t 19j ,> 


li „ 74 lbs. „ 






COVENTRY. 




JjEEK. i 


J-in. pipe, 7 lbs. per yd. 


f-in 


. pipe, 4 lbs. per yd. 


1 „ 11 lbs. „ 


I 


„ 5 lbs. ,, 


1 „ 16 lbs. „ 


1 


7 lbs. „ 


li „ 22 lbs. „ 


1 


„ 11 lbs. „ 


ALDEESHOT. 




LAMBETH. 


f-in. pipe, 5 lbs. per lb. 


f-in. 


pipe, 6| lbs. per yd. 


| „ 7 lbs. „ 


1 


„ 9f lbs. „ 


f „ 9 lbs. „ 


U 


„ 12| lbs. „ 


f ,, 11 lbs. „ 


4 


„ 15f lbs. „ 


1 „ 16 lbs. „ 






li „ 22Jlbs. „ 







§ XV.— QUALITY. 

But it is necessary to consider the quality equally 
with the quantity of a Water-supply for general use, in 
respect of its hardness; and without going into any 
medical question of whether hard water is injurious 
for dietetic purposes, I think it will be found upon 
inquiry into the best testimony on this subject that, 
for general use, a Water-supply should not be of a hard 
character. 

I separate the characters of water in this respect by 
saying that water of not more than 5 degrees of hard- 
ness, by Dr. Thomas Clark's scale, is soft water, 
and that 15 degrees of the same scale indicates hard 
water. 

The Chemical Commission, appointed by Govern- 
ment to investigate the qualities of various waters, 
reported that "it may be useful to distinguish the 
quality known as the ' hardness ' of water according as 
it is of a temporary or permanent character. Perfectly 
pure or soft water, when exposed to contact with chalk 
(carbonate of lime) is capable of dissolving only a very 
minute quantity of that substance; one gallon of water, 
in weight equal to 70,000 grains, taking up no more 
than 2 grains of carbonate of lime. This earthy im- 
pregnation is said to give the water two degrees of hard- 
ness. But waters are often found containing a much 
larger quantity of carbonate of lime, such as 12, 16, 
or even 20 grains and upwards in the gallon. In such 
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cases the true solvent of the carbonate of lime, or at 
least of the excess above two grains, is carbonic acid 
gas, which is found to some extent in all natural 
waters. But this gas may be driven off by boiling the 
water, and the whole carbonate of lime then precipitates 
in consequence, or falls out of the water, with the ex- 
ception of the two grains which are held in solution by 
the water itself. The gas-dissolved carbonate of lime 
gives therefore temporary hardness, curable by boiling 
the water." 

" Other salts of lime, such as sulphate of lime, are 
generally dissolved in water without the intervention 
of carbonic acid gas, and therefore remain in solution, 
although the water is boiled, imparting hardness." 

The Commissioners also say, "In the washing of 
the person the saving of soap by the use of soft water 
is most obvious. For baths, soft water is most agree- 
able and beneficial, and might contribute greatly to 
their more general use. Its superior efficiency to 
hard water in washing floors and walls is calculated 
also to promote a greater cleanliness in the dwellings 
of all classes, both within doors and externally ; while 
in the occasional domestic washing of linen the smaller 
preparation necessary for washing in soft, as compared 
with hard water, the saving of soap which would then 
be sensible to its full extent, and the more easy and 
agreeable nature of the operation, would make a supply 
of soft water in a high degree desirable. ,, 

The Royal Commission on Water-Supply, who re- 
ported in 1869, took evidence on the question whether 
hard or soft water is to be preferred for a general 
supply. 

M 
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Dr. Edmund A. Parkes, in answer to the question 
(No. 3126), "Would 16 or 20 degrees of hardness be 
prejudicial?" says "I think that that degree of hard- 
ness would be certainly prejudicial. I think that very 
probably it might disagree with a great many people ; 
but supposing it reached to 8 or 10, or 12 degrees of 
hardness from carbonate of lime, it might be consi- 
dered probably good water as far as that was con- 
cerned, but I should draw a marked distinction 
between that and the hardness arising from sulphate 
of lime, or sulphate of magnesia, or chloride of cal- 
cium, which would certainly disagree in much smaller 
quantities, so that the goodness of water for drinking 
purposes I would estimate according to its permanent 
hardness rather than according to its temporary hard- 
ness." 

Dr. Lyon Playfair says, in answer to question No. 
2646, et 8eq., that, as a sanitary question, if the water 
is otherwise pure he does not think that mere hardness 
is of much importance as to health, but that it is of 
the greatest importance as regards the economical use 
of the water ; that less soap would be required ; that 
cleanliness is promoted by the use of soft water, both 
with regard to personal cleanliness and washing, and 
that there is considerable economy in the use of soft 
water, compared with hard water, in respect of wear 
and tear of clothes in washing. Evidence of similar 
import was given by Mr. John Simon, Dr. J. A. 
Wanklyn, Professor Odling, Dr. W. A. Miller, and 
Dr. Angus Smith. 



§ XVL— SOURCES OF SUPPLY, 

Brooks and small streams in valleys are not desi- 
rable sources of water supply ; the quantity of organic 
matter they contain, in comparison with the quantity 
of water flowing in them, is greater than that con- 
tained in the water of other sources. 

Other sources are, (1) Rivers, (2) Springs, (3) Moor- 
land tracts of ground, where the rain-water falling upon 
them, and running off in small and rapid streams, is 
caught in reservoirs at a high elevation ; and (4) Deep 
wells. 

As to rivers, running water contains free oxygen, 
absorbed from the atmosphere, and the more so where 
it has a quick motion over a rough bed, which causes 
its surface to be broken up, and exposes a greater 
number of particles of water to the atmosphere than 
where the motion is slower, over a smoother bed. 
Organic matter in a state of decay, which I have else- 
where called " effete organic matter," is, as it were, 
seized upon by the oxygen in the water and chemically 
changed into harmless substances, after the action has 
continued for a sufficient length of time. 

It is a matter of common observation that the dis- 
coloration of rivers by the polluting matters poured 
into them from populous places gradually fades away, 
and that at some considerable number of miles below, 
if no other pollution takes place on the way, the water 
is clear, and in some cases quite fit to drink ; and if 
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the water of rivers could flow far enough away from 
one town before it were taken for the supply of the 
next one, the organic impurities would probably be- 
come wholly changed into harmless substances; the 
difficulty is to ascertain in what distance or in what 
time this effect takes place ; either distance or time 
will vary with the relative quantities of polluting mat- 
ter and of water, and there is nothing but supposition 
to go by in estimating at what distance from the pollu- 
ting source water may safely be taken for domestic 
use lower down the river. It cannot very well be 
proved that they are wrong who advocate a river 
source for a supply of water, even when it is well 
known that the water is daily contaminated higher up 
the stream. The strongest argument in support of 
such a source is found in the want of proof that the 
water is injurious to the health of those who constantly 
drink it. This is but negative evidence in its favour, 
and even this is only true in some cases, as, for in- 
stance, in the Thames at Hampton, from which source 
a great part of London is supplied, although it is well 
known that the sewage of some considerable towns is 
poured into the river above that point. 

On the other hand, as to the disappearance of colour 
by long-continued flow, it is proved positively that 
water may be quite bright and yet contain matter in 
solution which disqualifies it for domestic use. 

Springs are more copious, and constant in their 
flow, from some of the geological formations than from 
others. From the chalk, the oolite, the new red 
sandstone (Bunter division), and the millstone grit, 
springs are more copious and constant than from other 
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formations, except the mountain limestone, which has 
many fissures and caverns ; and some of the springs 
from this formation yield large quantities of water 
perennially, varying but little throughout the year, 
while others, though tolerably constant during years 
of average rainfall, almost cease to flow after a long 
drought. This seems to be owing to the compara- 
tively small extent of ground upon which the rain falls, 
combined with its great porosity; while the ground 
from which the more perennial springs issue is of 
greater extent and comparatively of more general 
compactness. 

The late Mr. Beardmore estimated that the water 
which falls upon the chalk district of the river Lea 
holds out for at least sixteen months. 

Some springs from the oolite are reported to be 
nearly constant the year round, others varying about 
30 per cent, as between the average and the minimum 
flow. I gauged daily during the years 1860 and 1861 
several springs which issue from the millstone grit at 
Upperhulme, near Leek, with the following results : — 
During the year 1860 the average daily quantity was 
855,266 gallons, and the least quantity on any day was 
305,453 gallons. During the year 1861 the average 
daily quantity was 333,716 gallons, and the least 
quantity on any day was 258,600 gallons. Other 
springs have been proved to be equally or more con- 
stant in the new red sandstone, but in the mountain 
limestone they are more variable — perhaps because of 
the fissures being more open. The original chief 
source of the Bristol water supply was some copious 
springs issuing from this formation at Chewton Men- 
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dip, which ran for a long time at the rate of two mil- 
lion gallons a day, but about ten years afterwards these 
and other springs from which the supply was derived 
fell off considerably ; resuming their full flow again, 
however, afterwards. 

Below any level at which the water could issue in 
springs the absorbent rocks hold water as in a basin, 
and it may be procured by sinking a well. When the 
ground through which a well is sunk is porous from 
the top downwards, the quantity of water met with 
increases with the depth of the well, but in some situa- 
tions the water-bearing stratum is overlaid with 
strata of an impervious nature, which keep down the 
water, under pressure. In sinking a well in such a 
situation but little water is met with after the surface 
or top water has been passed through, and this, when 
of bad quality, is usually stopped out by a water-tight 
lining. But when the depth to the water is great it is 
not necessary to sink a well all the way to it ; after 
sinking to a sufficient depth to form a lodge for the 
water, and afford room to fix the pumps, the remainder 
may be bored. When the water is reached it bursts 
up suddenly and fills the well. The first great under- 
taking of this kind was at Grenelle, in the province of 
Artois, in France, where a bore hole was made down 
to the lower greensand, under the chalk, to a depth of 
about 1,800 feet, when the water suddenly rose through 
the bore hole, and was forced up many feet above the 
surface. Since this successful attempt to procure 
water in this way the name Artesian has been given to 
such a well, from Artesium, the ancient name of 
Artois. The blow-wells in the low-lying parts 
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of Lincolnshire act in the same way, although 
on a smaller scale; the overlying clay being bored 
through to the chalk beneath. In all such cases 
the water which is thus procured must first have 
fallen upon ground much higher than the site of the 
well, and upon the outcrop of the absorbent stratum 
pierced by the boring, through the fissures of which it 
descends and accumulates under the clay or other 
retentive strata of which the low-lying ground consists. 
A well sunk through the clay into the chalk at King- 
ston, in Surrey, threw water up to the surface, being a 
true Artesian well Its temperature was, however, 
too high for the purpose for which the well was sunk. 
The strata passed through were as follow : — 

11 ft. clay and gravel. 
2 „ gravel. 

245 „ blue clay. 
57 „ clay of various colours. 

4 „ marl. 

i „ vein of sand. 

9 „ marl. 

J „ vein of sand. 

5 „ marl. 

12 „ dark sand. 

25 „ light coloured sand. 
99 „ chalk, with flints. 



470 ft. 

The following is a short description of an Artesian 
well to be sunk in the same locality : — Well and bore 
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hole to be sunk to an estimated depth of 500 ft. Two 
6-ft. lengths of cast-iron cylinders, 7 ft. diameter, to 
stop back the top water. Shaft lined with 9-in. 
brickwork, 6 ft. clear diameter, to be continued to a 
depth of 200 ft. Cast-iron bore-pipe, 12 in. diameter, 
with turned joints, to commence here and go down to 
the chalk, reducing the size only when necessary. 
The pumps to be at a depth of 80 or 90 feet below the 
level to which the water may rise. Estimated cost, 
£1,850. 

Figure 30 illustrates such a well. 




'' ^-J- 



The publishers hax? Terr kindly offered me the 
nse of a woo*i-cu! trom Mr. Hughes's book on W^ter 
Works, which shows* better than anything I could 
giw„ how it is that* when an imperrious stratum of 
dbiy is sunk or bored throoglu w*t*r is Kxojd, and 
rt§*s towards the sotrtaoe. h&Ttz^ its origin, in this 
e*s*. in the rain MlSng crva the hkh gromnd about 
Trhsg « the eoe side and Kmcvkhdx on the other. 
Tke ijlk-wi^ *z* Mr. Ha^fce^s cwn wvstvas : — 
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" In this section a is the gault clay, an impervious 




^_ River Brent. 



Norwood. 



Lewiskam. 



Knockholt 



Seven Oaks. 



stratum, which underlies the firestone, chalk marl t and 
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chalk. The firestone and chalk marl are not shown 
in the section, because it is believed in this chalk 
basin the water penetrates through both of these, and 
is really not stopped till it reaches the gault. In the 
south downs, however, it is otherwise, for there Lydden 
Spout, and other copious springs are thrown out by 
the chalk marl, b is the great mass of chalk 800 or 
1000 feet in thickness. The tertiary or Thanet sands, 
resting on the chalk, are marked c, and the impervious 
mass of London clay is marked d. The level of high 
water mark in the Thames is represented by the hori- 
zontal line a b, and the presumed line of saturation or 
height to which the water from the chalk will rise at 
any point between London and Tring, is represented 
by the inclined line c d r drawn from the top of the 
gault below Tring to tide level in the Thames at 
Lewisham, where the chalk is exposed in the basin of 
the Thames. It will be observed that in this section 
I have not shown the beds in one continuous uninter- 
rupted basin-shaped arrangement, but intersected by 
two faults, marked No. 1 and No. 2. The fault No. 1, 
which brings down the London clay d to the level of, 
and in contact with the chalk, is clearly exhibited on 
the North Kent and London and Brighton Railways, 
both of which it intersects at New Cross, in a north- 
east and south-westerly direction. It has been well 
described by the late Mr. De la Condamine, in a paper 
read before the Geological Society of London, in June, 
1850.* With respect to the fault No. 2, although not 
exposed at the surface, we have good evidence of its 

* Published in Vol. vi. of the Quarterly Journal of the Geological So- 
ciety, p. 440. 
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existence from well sections. Thus, the depth to the 
chalk below Trinity high water mark at Gray's Inn 
Lane, the Hampstead Road, Tottenham Court Road, 
and the Regent's Park, varies from 80 to 100* feet; 
while at Trafalgar Square, Wandsworth, and Chelsea, 
the depth varies from 250 to more than 300 feet, 
which shows either a fault or a very great curvature of 
the strata. Mr. Prestwich believes that this fault or 
axis of elevation, whichever it be, passes along the 
valley of the Thames, in an east and west direction. 
It is clear that this fault as well as the one at Lewis- 
ham, No. 2, would be intersected by the line of our 
section. The main drainage of the chalk formation is 
not so much interfered with by these faults as might 
be supposed at first sight. The line c d shows the 
height to which the chalk is probably saturated with 
water, according to the views first promulgated by Mr. 
Clutterbuck, and afterwards corroborated by the Dean 
of Westminster and other eminent geologists. The 
drainage of the chalk will still take place at d 9 not- 
withstanding the faults, because the communication 
between the separate masses of chalk is still uninter- 
rupted, the fault being probably not filled up with 
impermeable clay and made into a puddle dyke, as 
happens in some districts. According to the views of 
Mr. Clutterbuck, the water will rise in wells between 
Tring and London, to the level of c d, and he has 
found by measurements of numerous wells interme- 
diate between the two places, that the water stands at, 
or nearly at this height. It will be observed that the 
ground at Watford lies below the line of saturation c d, 
and this accounts for the numerous springs which 
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break out in the meadows there, and for the fact, that 
every excavation, made only a few feet in depth, is 
immediately filled with water. Again, it will be ob- 
served, that a part of the London clay district, close to 
the metropolis, lies below the line of saturation. This 
is precisely the condition under which artesian wells 
may be expected to yield a stream of water that will 
overflow the surface. On boring down through the 
London clay, d, to the chalk on either side of the fault 
No. 2, we come to water which is acted on by the 
pressure from Tring or Knockholt as the case may be, 
and which, as soon as the boring is effected, rushes up 
through it and rises above the surface, namely, to the 
the line c d. This is the explanation of many over- 
flowing artesian wells in the neighbourhood of Fulham, 
Brentford, and other places in the valley of the 
Thames." 

Common wells, though they may be deep, depend 
for their water upon the area immediately surrounding 
them, the rainwater falling upon which sinks down- 
wards and laterally towards the bottom of the 
well, and the quantity procurable may be likened to 
the contents of a cone, the base of which is the area 
round the well, and its apex the bottom of the well, 
the contents being renewed from time to time as the 
rain falls. The extent of this area, or base of the 
inverted cone, is the greater the more porous the 
ground is, for any given depth of well, for there is in 
every kind of ground a minimum horizontality which 
the water can assume, under any given degree of ex- 
haustion by pumping, its percolation to the well being 
hindered by the density of the ground through which 
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it passes, and the greater the density the steeper the 
incline assumed by the sides of the water cone. In 
practice these theoretical deductions are interfered with 
by the existence of faults, filled more or less with im- 
permeable material. It is said that at one of the wells 
at Liverpool, 210 ft. deep, in the new red sandstone, the 
shallow wells around were affected by the pumping to 
a distance of If miles from the shaft. 

A well sunk in the new red sandstone at Wolver- 
hampton yielded but little water, being within a quarter 
of a mile of a great fault, limiting the extent of surface 
on that side to that distance. 

Good water is obtained from uncultivated tracts of 
moorland. It is obtained by storing in reservoirs that 
which flows directly off the surface, and that which 
sinks into the ground and issues in springs within the 
watershed area. Knowing the quantity of water re- 
quired, the area from which it is to be collected may 
be determined according to the amount of rainfall of 
the locality. It is necessary, in order to do this with 
something like precision, to obtain the register of the 
rainfall for a number of years. If the rainfall has not 
been gauged within the particular area, the water from 
which is to be appropriated, it is necessary that the 
position of the area on which the gauges may have 
been fixed, be one in which similar meteorological oc- 
curences take place habitually ; as, for instance, at a 
similar height above the sea-level ; exposed to similar 
currents of air ; sheltered by hills in similar relative posi- 
tions and of similar height, or that both situations should 
be equally unsheltered. The best position for a rain- 
gauge is in an open piece of ground, not near houses or 
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trees, and from 6 to 12 inches above the ground ; the 
nearer the ground the better, so that it is sufficiently 
high' to prevent the splashing of water that falls out- 
side it leaping into the mouth of the gauge. Five 
inches diameter is reckoned to be as good a size as any 
for the mouth of the gauge. Rain-gauges are made in 
various forms, and that in which the depth registered 
is most easily ascertained, carries a graduated rod at- 
tached to a float, which, rising with the water in the 
gauge,. shows the depth fallen; but this kind is open 
to the objection that the face of the rod catches rain, 
which runs down it into the gauge and causes a greater 
depth of water to be registered than actually fails. 
Another kind has a graduated glass tube attached to 
the body of the gauge, in which the water rises equally 
with that in the body of the gauge ; another kind 
merely receives the water, which is measured by pour- 
ing it out into a separate glass tube to ascertain the 
depth fallen. There is also another kind which has a 
float unattached to any rod, a graduated rod being 
used only at the time of measurement. 

The register of rainfall for a number of years 
having been obtained, an average is taken. If 
the yearly depths of rain be examined separately, it 
will probably appear that they vary much from each 
other, and that the greatest depth in any one year is 
about twice the least in any other. It will probably be 
observed also that for two or three years together pre- 
ceding or succeeding the year of least rainfall, the 
amount is less than the average of all the years, and 
that the mean depth of three consecutive dry years is 
about one-sixth less than the average ; also, that the 
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least depth in any year is one-sixth less than this 
mean of three dry years. 

Experience has shown that the quantity of water 
which can be caught and stored in reservoirs and 
delivered out daily for use is not so much as that due 
to the average of a number of years, and is not more 
than that due to the mean of three consecutive dry 
years, which has proved to be, in numerous instances, 
very nearly one-sixth less than the average, all the rest 
going past the reservoir in excessive floods. Thus, 
if a table of rainfall be examined, extending over a 
sufficient number of years, it may show the average 
yearly depth to be 36 inches. In some one year the 
least depth will probably be found to be about 24 inches, 
and taking any three consecutive dry years, the mean 
of them will probably be about one-sixth less than the 
average, or 30 inches, and it is this depth and not the 
average, which is to be reckoned upon ; and the daily 
quantity required being known, the necessary extent of 
watershed area is ascertained. But the actual quantity 
to be dealt with is always less than the rainfall regis- 
tered by a gauge, for the gauge registers the depth that 
falls, and from that depth must be deducted the quantity 
evaporated and otherwise lost on its way to the re- 
servoir. 

In his evidence before the Water Supply Commis- 
sion in 1867, Mr. Bateman said that " according to 
the declivity and the geological character of the coun- 
try, and the cultivation and the amount of vegeta- 
tion, the quantity which is taken up by vegetation, or 
is evaporated or lost to the rivers, varies from about 
9 inches to 16 inches, the smaller quantity being of 
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course that where the rocks are the hardest, and the 
declivities' are the greatest, so that the water comes 
down in floods. If we take 12 inches as the mean 
between those extremes, it will leave the net available 
produce of these districts " (speaking of the Welsh 
hills from which he proposed to take water). This 
loss is taken from returns of actual gaugings in various 
places. He says, "In Manchester we have actually 
collected and measured in reservoirs 33 in the ave- 
rage of two or three dry years. Out of a rainfall of 
45f inches we have actually collected and discharged 
33 inches." This would be a loss of 12§ inches in the 
year. 

The late Mr. Thomas Duncan gave evidence before 
this Commission. He was the acting engineer of the 
Liverpool Water Works for many years, and had very 
good means of ascertaining by gauges the actual quan- 
tity of water collected and used out of the total 
quantity that fell. Five-sixths of the ground from 
which the gravitation supply is derived, consists of 
moor and sheep pasture, covered with heather, and 
some portion of it is mossy, the geological formation 
being chiefly millstone grit. A very small portion of 
it was ploughed, not one-fiftieth part ; the whole area 
of the gathering ground being about 10,000 acres. 
With reference to the loss by evaporation and other- 
wise, the question is put to the witness, and referring 
to some tables he had drawn out, " You do not appear 
to have had a loss in any one year of as much as 12 
inches. That is to say, in 1861 the rainfall was 46*38 
inches, and then, taking the quantity you realise, 
which is 35*77 inches, that is slightly under 11 inches. 
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If you take the next year as 48*51 against 40*08, that 
is a loss of 8 inches. In the next year it is 51*01 
against 40*72, that is under 11 inches again. In the 
next year it is 89*085 against 27*85, and in the next 
year it is 34*80 against 23*35, making a loss of 11-t 
inches. Therefore, whatever your rainfall be, whether 
it be large or small, the actual loss would seem to be 
very nearly the same ? " A. " The amount of evapo- 
ration and absorption does not vary much." 

Mr. Hawksley has stated (Minutes of Proceedings, 
Inst. C. E., vol. 81) that the loss varies in these 
islands "from 10 inches per annum as a minimum to 
18 inches as a maximum. The minimum occurred 
very rarely — indeed, only in the case of bare precipi- 
tous mountains, consisting of non-absorbent rock, such 
as slate or granitic rock. From that surface all the 
rain that fell could be gathered, with the exception of 
about 10 inches. But the case was very different 
where the surface was covered with soil and peat, 
where it became flat moorland on the summit, and 
more so where the land was cultivated and thrown into 
the character of a sponge. In general, however, with 
mountain watersheds, where the intermediate conditioil 
existed, the actual ascertained loss amounted to from 
13 inches to 15 inches per annum, according to the 
situation and some local circumstances, and might be 
taken at a mean of about 14 inches per annum." 

Supposing the situation to be one where this average 
loss of 14 in. in depth would occur, it is to be deducted 
from the 30 in. representing the mean annual depth of 
three dry years, as above, leaving 16 in. in depth over 
the whole drainage area, which represents the actual 
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quantity of water to be dealt with, being 363,000 
gallons in a year from every acre of drainage area, or 
very nearly 1,000 gallons per day per acre, and if 20 
gallons per head of population per day be allowed 
there would be required an acre of collecting ground 
for every fifty people, or for every ten houses (there 
being, on an average, about five inhabitants to a 
house). Thus, if the population to be supplied be 
10,000, the daily quantity of water required would be 
200,000 gallons, and the area of collecting ground 
200 acres, if the rain-fall be 86 inches. 

Where, as above stated, the whole of the available 
quantity of water due to a given area may be taken for 
the supply of a population, it will in general be neces- 
sary to afford water-compensation to the streams and 
mills out of a separate reservoir ; but in some cases 
water-compensation is given out of the same reservoir 
from which the supply to the population is derived, 
in which case the watershed area must be one-half 
greater than that above stated. 

The next step would be to find a suitable site for the 
construction of a reservoir into which the water falling 
upon the drainage area would flow, and the next step 
would be to determine the size of the reservoir — the 
quantity of water it should hold. We know that 
many storage reservoirs have failed to contain a 
sufficient quantity of water to last through a long 
drought at the rate of delivery out of them which had 
been calculated upon as the daily supply. 

In the first place, averages of many years' rainfall 
have been taken without deduction for the excessive 
floods which cannot be stored in reservoirs of any 
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practicable size, and a certain proportion of the 
average has been deducted for loss by evaporation and 
absorption, without regard to the absolute quantity of 
that average. Thus, when the average annual rainfall 
has been ascertained to be, say, 45 in. in one place 
and 80 in another, one-third, or some other pro- 
portionate part has been deducted for loss, and the 
remainder set down as the available quantity, giving in 
the first of these assumed cases 30 in. available and in 
the other 20 ; and it is quite possible that by accident 
both these might be the true quantities available in 
certain situations, if the precaution were taken to 
deduct excessive floods which swell the average beyond 
a point that can be dealt with in any reservoir that 
could be practicably constructed ; but experience has 
shown that the loss by evaporation and absorption 
does not bear any fixed ratio to the rainfall, or to its 
average amount, and that it is almost a constant quantity 
in any year in the same place, whether it be a wet year 
or a dry one. These two sources of error are avoided 
by first deducting one-sixth, or thereabouts, from the 
yearly average, and then deducting an absolute depth, 
being that due to the loss by evaporation or absorp- 
tion, the result being a quantity which may fairly be 
relied upon. The depth of rainfall to be deducted for 
loss cannot be directly ascertained; from a water 
surface the evaporation is about 30 in. in depth in a year, 
but from the surface of a collecting ground it cannot 
be directly measured. The way in which it is ascer- 
tained is by the indirect method of deducting the 
known quantity collected from the known quantity 

N 2 
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resulting from a certain depth of rainfall on a known 
area of ground, the difference being the loss. 

But another source of error has been to under- 
estimate the length of time droughts may continue in 
certain situations, and not sufficiently taking into 
account the number of days on which rain falls in any 
given period (as a year), which varies very much in 
different places ; for the fewer wet days there are in a 
given time the greater number of days' supply should 
the reservoir hold, whatever be the annual rainfall, and 
consequent daily regulated supply. 

Large storage reservoirs, such as those now under 
consideration, are usually made by constructing an 
embankment across a valley, and making use of the 
hollow thus formed by nature to hold the quantity of 
water desired. The best site for a reservoir, therefore, 
is one where (1) a bank can be made under or by which 
water cannot pass, when dammed up to a considerable 
height ; (2) where the ground has sufficient stability, 
not only in itself in its natural state, but afterwards 
when it may be more or less penetrated by the water 
penned up, so that no slip may occur; (3) where a 
wide and comparatively level expanse of ground exists 
below which the sides of the valley approach each 
other so that a short bank, and one not too high, may- 
impound a large quantity of water ; if the first re- 
quirement exists the fourth will be secured, viz., that 
there should be a sufficient quantity of retentive 
material to form a core, or trench and wall, of water- 
tight material, such as clay. 



§ XVII.— GAUGING WATER. 

The quantity of water supplied by a pump may be 
measured by the capacity of the working barrel and 
the speed, deducting from the quantity so found 
about 10 per cent, for leakage of valves and other 
losses : and water is sometimes measured in a simi- 
larly mechanical manner by meters; but when the 
water flows, or can be made to flow, from a pond, over 
a weir, or through a notch in a plank or iron gauge, 
the quantity may be ascertained in the following 
maimer, provided the thickness of the sill over which 
the water falls be properly regarded, and providing the 
weir or gauge be truly level, and that proper pre- 
cautions be taken to prevent the water passing under it 
or past the ends. 

The velocity with which water falls over such a 
barrier follows the same general law which affects other 
heavy bodies falling freely, — that is the force of 
gravity. A heavy body tails 16*08 ft. in the first 
second of time after its descent from a state of rest, 
and acquires at the end of that time a velocity of 
82*16 ft. per second, which is called the force of 
gravity, and is r epresen ted by the letter g. The 
formula is V = \/ 2 g H, when V = the velocity in feet 
per second; g = the force of gravity, = 82*16 ; and 
H = thejieight in feet. Therefore V = \/64*82 H = 
8*02 VH. 

In the case of a weir or a notch-board the height H 
is synonymous with the depth of water. The depth 
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to be calculated upon is not that immediately over the 
sill of the weir, but is the whole height from the sill to 
the level of the water above the weir where it is out of 
the influence of the current. When water approaches 
a weir, or notch-board, the surface is drawn down for 
some feet up-stream, being influenced by the draught 
of water through the passage, and in measuring the 
depth it is necessary to take it at some point out of the 
influence of the current. 

It has been stated above that the velocity with 
which water falls over a weir is as the square root of 
the depth, and when the whole depth is taken the 
velocity due to it is that of the lowermost filaments or 
threads (as it were) of the sheet of water flowing over. 
These are pressed outwards by a force which is that of 
the whole head of water, from the sill up to the level 
of still water, and did they issue from an orifice at that 
depth would spout out much farther than they can do 
with the superincumbent sheet of water upon them. 
The uppermost filaments have no velocity which is due 
to the pressure of a head of water, and the velocity 
which they do acquire is caused by those below slipping 
horizontally from under them and letting them down 
gradually from the bottom upwards, causing a de- 
pression over the sill, which gives an inclination to the 
surface of the water for some few feet above the weir 
or notch-board. 

This inclination of the surface is differently pro- 
duced from that of a river in train, and is due to the 
loose end of the stream, whereby the lowermost par- 
ticles escape faster than those above them, the whole 
number becoming amalgamated into one stream, which 
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takes a direction due to that filament which is at the 
depth due to the mean velocity of the whole stream. 
The velocity of the fluid threads at every part of the 
depth being as the square roots of their depths below 
the surface, the mean velocity of them all is necessarily 
§ of that of the lowermost, and the whole sheet of 
water assumes the curve which that filament would do 
which is at the depth to which the mean velocity is 
due, if it could issue alone. The point in the depth 
at which the mean velocity of the whole takes place is 
at the depth of -J of the whole depth, and the mean 
velocity is that due to x/j^fs/^ which is, when 
the constant multiplier is interposed, § of 8*02 \/ li=: 
5*35 \/ d, which is the true expression of the mean 
velocity of all the filaments of water passing through 
the notch, or over the weir; and were there no ob- 
struction to the flow the quantity discharged would be 
found by multiplying this velocity into the depth and 
into the length of the weir ; but by no form of con- 
struction can the actual discharge reach this theo- 
retical discharge, because, first, the theory assumes 
the falling body to fall in vacuo, whereas in practice it 
falls through the air, and although atmospheric air at 
a barometric pressure of 30 inches of mercury is of a 
density only about the -g-J-r part of that of water, yet 
it offers some small resistance ; and, moreover, while 
the theory takes no account of friction against the 
bottom or sides of the notch or weir, or of the diver- 
gence of the particles of the stream passing through 
the opening, the actual discharge is diminished by 
these influences also. The more abrupt the opening 
the greater are the disturbances of the flow. If we 
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were treating of hydraulics in general we should see 

how, hy the appliance of wing-boards above the weir, 

or, in the case of orifices wholly below the surface, by 

adjutages below the opening, the discharge is increased 

to almost the whole quantity indicated by theory, but 

those are not the circumstances under which water is 

gauged in ordinary practice. 

In calculating the quantity discharged the depth 

enters twice into consideration. In the first place it is 

an element of the sectional area of the stream, and in 

the second of the velocity. The sectional area is as the 

depth, and the velocity as the square root of the depth. 

The cubic quantity discharged is therefore as d y/ d or 

as \AI 3 . If the quantity be taken in cubic feet per 

second per foot in length of the weir it is 5'35 \Z~3P 

by the theory of falling bodies, the depth being 

measured in feet ; and if it be taken in cubic feet per 

minute it is 321 \fd? per foot in length of the weir. 

But it is more convenient to measure the depth in 

inches, in which case the constant 321 must be divided 

by the square root of the cube of 12, or \/1728 = 

321 
41*57, and .-—== = 7'72, the constant of the theoretical 
41*o7 

quantity per foot in length of weir when the depth is 
measured in inches and the quantity in cubic feet per 
minute. If we put I = the length of the weir in feet, 
this quantity would be 7*72 I \/7F. 

But practice has proved that not only is the actual 
discharge less than that of theory under every con- 
dition of a weir, but that the constant multiplier varies 
with both the length and the depth. By measuring 
in large tanks the actual quantities discharged under 
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various conditions of depth of water, length of weir, 
and thickness of lip, and dividing these quantities by 
the areas of the openings, certain coefficients have 
been found which bear the same relation to unity 
which the quantities discharged bear to the theoretical 
quantities, under the same conditions of length and 
depth. 

Various observers have found the coefficient to be 
from about '58 to about '68, and if we take the mean 
of all to be '623 the theoretical constant 7*72 would 
be reduced to 4*81, so that if we put Q = the quantity 
discharged in cubic feet per minute, d = the depth of 
water in inch es, a nd I = the length of the weir in feet, 
Q = 4'81Wd\ 

By this formula it is assumed that the quantity is 
proportionate to the length, but it is not exactly so, 
for the shorter the weir, compared with the width of 
the stream and with the depth of water flowing over 
it, the greater should be the proportionate diminution 
of discharge due to the contraction of the two ends of 
the weir ; and Mr. Francis, in the formula resulting 
from his experiments at Lowell, U. S., makes a cor- 
rection for this. His formula is Q = 200 (l- — 01 n d) 
\/d 3 , d being taken in feet, but if we take din inches, 
and divide the constant 200 by the square root of the 
cube of 12, Q = 4'81 (I— '00833 n d) */d?, n being 
the number of end contractions. 

The effect of the end contractions in the case of a 
weir with one opening five feet long, and a depth of 
water of six inches, is to reduce the quantity dis- 
charged by about seven cubic feet per minute ; thus, 
4-81 I \fd? = 4-81 x 5 x 14'7 = 353 cubic feet per 
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minute, and 4*81 (I — '00833 n d) y/l^= 4'81 (5 — 
•00833x2x6) x 14*7 = 346 cubic feet per minute, or 
by about 2 per cent, in this case. 

Except those of Mr. Francis, the most important 
experiments on a large scale which have been made on 
the flow of water over weirs were made by Mr. 
Blackwell, on the Kennett and Avon canal, in 1850. 
These were made from a perfectly still head, the area 
of the pond from which the water flowed being upwards 
of two acres in extent. 

These experiments were upwards of 200 in number, 
and were made with weirs of three feet, six feet, and 
ten feet in length ; with thin iron plates ; with planks 
two inches thick ; and with broad-crested weirs, re- 
sembling ordinary weirs on rivers, the width of crest 
in the experiments being three feet. The coefficients 
were found to vary with the depth of water and also 
with the length of weir, and with the thickness of the 
lip. 

The following is an analysis of those experiments of 
Mr. Blackwell which, in point of dimensions, come 
most under the conditions of ordinary practice ; — I 
mean, of course, which, within the scope of the experi- 
ments, are most proportionate to the dimensions of 
ordinary stream gauges. The gaugings of exceptional 
depths with certain lengths are most valuable, as re- 
lated in full by Mr. Blackwell in his paper contributed 
to the Institution of Civil Engineers, but I have been 
content to adduce the results within a depth of nine 
inches ; also not to include the experiments on weirs 
with wing-walls, and those made with short wide- 
crested weirs. 
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The general formula is Q = cl \/d s , in which Q 
= the quantity of water discharged per minute ; 
d = the depth in inches from the surface of still water 
to the lip of the weir ; I = the length of the notch in 
feet, and c = a constant multiplier found by experiment 
to equilibrate the terms Q and I \/d s . This constant, 
c, is found by measuring in a tank the quantity of 
water which falls in a certain time from a notch of a 
certain length with a certain depth of water flowing 
over it ; each one of these items being a subject of 
measurement. The constant, c, is therefore arrived 
at independently of the relation between the theoretical 
result and the practical result. But inasmuch as the 
conditions under which experiments are made must 
be limited, while those of practice are unlimited, it is 
very useful to compare the actual discharge under 
given conditions with that which is due to the theory 
under the same conditions, and this is best explained 
by dividing the constant multiplier, found by experi- 
ment to be necessary, in each of the given conditions, 
by the constant multiplier of the theory. The result 
is the coefficient, which bears the same relation to 
unity as the actual discharge bears to that of theory. 
In the following table it is the result of dividing the 
actual constant in each case by 7*72, the theoretical 
constant, when the quantity is taken in cubic feet per 
minute, the depth in inches, and the length in feet. 

Thus, — - = # 67, the mean coefficient of all lengths 

and all depths over notches in thin plates. Averages 
are not always to be relied upon, but it may be ob- 
served that the combination of all lengths with all 
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depths, within the range of these experiments (which, 
indeed, were numerous), shows an average constant of 
5-17 for thin plates, 4'85 for 2-in. planks, 3*93 for 
weirs with wide crests sloping 1 in 18 across, and 3*66 
for similar weirs with level crests ; the corresponding 
coefficients being '670, -563, '508, and -474. 

Analysis of Mr. BlackwelVs Experiments on the flow of 
water over Weirs, within the limits before mentioned. 



THIN PLATES. 



Depths. 


1 in. to 3 in. 


3 in. to 6 in. 




Mean of all 
depths. 


Notch 3 ft. long. 
,, 10 ft. „ 


Value 
of c. 
5-10 
576 


Coeff. 

•660 
•746 


Value 
of c. 
4-68 
5*16 


Coeff. 

•606 
•668 

•637 




Value 
of c. 
4-89 
5 46 


Coeff. 

•633 
•707 


Mean of all lengths. 


5'43 


•703 


4*92 




5-17 


•670 



PLANK WEIRS, 2 IN. THICK. 



Depths. 


1 in. to 3 in. 


3 in. to 6 in. 


6 in. to 9 in. 


Mean of all 
depths. 


Notch 3 ft. long. . 
„ 6 ft. „ 

,, loft. „ 


Value 
of c. 
3-96 
4-14 
4-08 

4-06 


Coeff. 

•512 
•536 
•528 


Value 
of c. 
4-44 
4*62 
4-56 


Coeff. 

•575 
•598 
•590 


Value 
of c. 
462 
4-44 
4 32 


Coeff. 

•598 
•575 
•559 


Value 
of c. 
4-34 
4*40 
4-32 


Coeff. 

•562 
•570 
•559 


Mean of all lengths. 


•525 


4*54 


•588 


4-46 


•577 


4 35 


•563 
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CREST 3 FT. WIDE, SLOPING 1 IN 18 ACROSS. 



Depths. 


1 in. to 4 in. 


4 in. to 8 in. 




Mean of all 
depths. 


Weir 10 ft. long. 


Value 
of c. 
378 


Coeff. 
•489 


Value 
of c. 
4*08 


Coeff. 
•528 




Value 
of c. 
3-93 


Coeff. 

•508 



CREST 3FT. WIDE, LEVEL ACROSS. 



Depths. 



1 in. to 5 in. 



5 in. to 8 in, 



8 in. to 10 in. 



Mean of all 
depths. 



Weir 10 ft. long. 



Value 
of c. 
3*54 



Coeff. 
•459 



Value 
of c. 
378 



Coeff 
'489 



Value 
of c. 
3 66 



Coeff. 
•474 



Value 
of c. 
3*66 



Coeff. 
474 



When an opening through which water issues is 
wholly below the surface of the pond, the velocity with 
which it issues is proportional to the square root of 
the head, that is, the height from the centre of the 
opening to the surface of the water, if the opening on 
the lower side be not covered with water ; where water 
is discharged from one pond into another, through an 
opening wholly below the surface of the lowermost, the 
head is the height from the surface of one pond to 
that of the other. By the theory of falling bodies 
the velocity would be 8*02 \J h> h being the head of 
water in feet, and the velocity being measured in feet 
per second ; but this velocity is never attained in prac- 
tice ; the opening is always more or less abrupt, and the 
whole body of water does not issue in a direction at 
right angles with the line of the opening, but, at the 
sides, is forced to converge towards a point outside, at 
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which point the cross sectional area of the body of the 
water is only about two- thirds of that of the opening. 
The velocity of the central portion of the body of water 
is probably as great as the theory indicates, but it is 
retarded at the sides by the friction against them, so 
that, besides the contraction of the area of the stream, 
the mean velocity of all its particles is also reduced 
below the theoretical velocity. Combining these two 
effects, the practical result is to reduce the discharge 
in the ratio of about 8 to 5. 

In Banks's treatise on mills, a summary of coeffi- 
cients found by numerous observers is given as fol- 
lows : — 

Newton, # 707; Bossut, '615; Banks, *750; Miche- 
lotti, '625 ; Helsham, '705 ; Smeaton, *631 ; the mean 
of which is '672, but it is to be remarked that the ex- 
periments of Bossut and of Michelotti were made on a 
larger scale than the others, and are more to be relied 
upon. 

Experiments by Brindley and Smeaton, with holes 
1 inch square, show the times in which 20 cubic feet 
of water ran out under different heads to be as 
follow : — 

1 ft. head, 9 minutes 22 seconds. 

2 „ 6 „ 40 „ 

3 „ 5 20 „ 

4 „ 4 „ 44 „ 

5 „ 4 „ 14 „ 

From these we deduce the following coefficients, viz., 
•64, -63, -64, -63, and -63 respectively. 
In a report to the British Association, Mr. George 
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Rennie gave the results of the observations of others 
than those above named, as follow : — Venturi, # 640 ; 
Borda, '646; Eytelwein, '640; Hachette, -690; 
Brindley and Smeaton, '631 ; Rennie, *621 ; Poncelet 
and Lesbros, '600, *605, and *593; also from other 
experiments, '611, '618, and '611. The mean of all 
these is *625. 

If there were no obstruction to the flow the quan- 
tity discharged in cubic feet per second would be 
A X 8 \/7&, A being the area of the opening in square 
feet, and h the head of water, but the combined in- 
fluence of friction and reduction of cross sectional area 
of the stream causes a reduction in the constant to 5, 
in ordinary cases; so that the actual quantity dis- 
charged is A X 5 \/7&, through abrupt openings. With 
trained walls and other appliances the discharge would 
approach nearly to that indicated by the theory; Mr. 
Beardmore gives the constant 7*5 for such cases. 

The word coefficient is used sometimes to express 
the quantity which I have called the constant, and 
perhaps there can be no liability to error in taking the 
word indiscriminately, although it would seem that the 
two quantities should be differently named. The con- 
stant is a quantity found by experiment to equilibrate 
two other quantities which are stated by the theory 
adopted ; but a coefficient I take to be a decimal which 
shows the ratio between the theoretical and the prac- 
tical quantities. 



§ XVIII.— CONDUITS AND CONDUIT-PIPES. 

If the channel by which water is conveyed be an 
open cutting in the ground, the velocity of the stream 
must be small, as may be seen from what we have said 
(p. 75,) on the effects of scour on various materials, 
and therefore the dimensions of the channel must be 
proportionately large, and the fall proportionately 
small. A waterworks conduit, however, is usually 
lined with stone or brickwork, or with concrete, in 
order that a greater velocity may be given (the differ- 
ence of level of the two ends usually permitting it), 
and the dimensions reduced. In this way a sufficient 
velocity is obtained to prevent the surface freezing, 
and to prevent the muddying of the water which would 
take place by running with considerable velocity over" 
a natural bed. A mean velocity of from 2 ft. to 2£ ft. 
per second is not an unusual one in practice. Eytel- 
wein's equation, v = *9 V hf> is applicable to such a 
channel, in which v = the mean velocity per second, 
h = the. hydraulic mean depth, / = the fall of the 
conduit in 2 English miles. 

Thus, with a hydraulic mean depth of 6 inches, and 
a fall of 6£ ft. per mile, the mean velocity would be 
2 J ft. per second, for h = *5 and/= 12*5 and v = *9 
V'5x 12-5 = 2-25. 

Such a channel might be so formed that the depth of 
water might be 1 ft., the width at the surface of the 
water 3J ft., and the width at the bottom f ft. The 
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mean width would then be 2 ft., the sectional area 2 
square ft., and the quantity of water conveyed 4£ cubic 
ft. per second, or 270 cubic ft. per minute. Larger 
channels, in which the hydraulic mean depth is greater, 
require proportionately less fell to maintain the same 
velocity; thus, if the hydraulic mean depth be 1 ft., 
and the velocity, as before, 2J ft. per second, the fall 
would be only half as much as in the other channel, for 

f = Tqi^ = -^i = 6-25, or 8£ ft. per mile. 

Such a channel might have a width at the surface 
of the water of 6§ ft., at the bottom of 1J ft., and 
a vertical depth of 2 ft. The mean width would 
then be 4 ft., the sectional area 8 square ft., and the 
quantity of water conveyed would be 18 cubic feet per 
second, or 1,080 cubic feet per minute. (The quantity 
in cubic feet per minute is converted into gallons per 
day by multiplying by 9,000.) 

By that process the approximate quantity of water 
running in an existing channel may be found, but the 
more usual thing to be determined in a waterworks is 
the sectional area of the conduit from the known 
quantity of water required to be conveyed with a given 
velocity. In this case the first consideration is the 
rate of fall which circumstances permit, so as to deli- 
ver the water at a sufficient elevation above the place 
to be supplied. The highest part of the district to be 
supplied determines at what elevation the service reser- 
voir should be, and taking that as a datum the rate of 
fall in the several parts of the line of conduit up to the 
source may be accommodated to the requirements of 
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the several parts of the ground. In some parts a con- 
duit following the contour of the ground may be most 
economically made, while in other parts it may be ne- 
cessary to confine the water in pipes under pressure, 
and in some places a short valley or ravine may be 
crossed by an aqueduct. 

Open channels in the ground, however, which con- 
vey water for domestic use, require to be fenced in, 
and the expense of that is in some cases greater than 
the expense of covering the conduit, when it is of 
small dimensions. Covered conduits are mostly of 
one or the other of two forms : either completely cir- 
cular, or with vertical sides and arched cover, the bot- 
tom in this case being usually formed with an inverted 
arch from side to side, unless flagstones are used. 
The choice of one or the other form depends chiefly 
on the local materials used. The quantity of material 
required is less in the circular form, but in this case the 
beds of the stones should be dressed or the bricks 
moulded to the radius of the curve, in order to make 
good work ; and the labour of this costs more than 
the extra materials in the other form, where they are 
abundant. 

To prevent leakage the conduit is sometimes laid in 
puddled clay, from 8 to 12 in. thick, worked with little 
water, up to the middle of the height of the conduit, 
or higher; and to prevent the percolation of water 
from the surface, in places where it might be injurious, 
the puddling is completed over the arch. 

Instead of being backed with puddle the beds and 
joints of the heart of the walls may be filled with 
asphalte, hydraulic lime mortar being used for the 
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inner and outer parts of the beds and joints, as in 
the following Figure. 

Fig. 32. 

/ LJ ' ' ' RT7T- 




It is essential to the purity and freshness of the 
water delivered at the lower end of any conduit that 
during its passage it should take up oxygen from the 
atmosphere as fast as it gives out that which had been 
previously absorbed, and to this end an open channel 
is preferable to a covered one, but where it is neces- 
sary to cover the conduit full provision should be 
made for its ventilation. The number of openings 
forming communication between the interior of the 
conduit and the atmosphere cannot be too many. The 
proper number will depend upon the degree of free- 
dom from organic matter of which the water may 
originally be, but 100 yards would seem to be as far 
apart as the ventilating shafts should be in any case ; 
and these, while having each a large area, should be 
protected by a hood from the possibility of pollution. 

The quantity of water conveyed by either form de- 
pends upon the same conditions which affect the flow 
of water in open channels, and the conduit must always 
run somewhat short of full ; half-full is the usual max- 
imum state. Such conduits must therefore n&<&ss&.- 
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rily follow the contour of the ground for the most part, 
although when a ravine or short valley has to be 
crossed that is easily done, without breaking the con- 
tinuity of the gradient, by supporting the aqueduct 
upon piers brought up from the ground below. 

To convey water under pressure from a high source 
along low ground, the principles to be regarded are in 
some respects different from those we have considered. 
The free oxygen originally contained in the water can- 
not escape, or should not be allowed to do so if at all 
possible. Cast-iron pipes are used for such conduits, 
and if the ground along the line chosen for the pipe do 
not in any intermediate part rise and fall again, the 
air originally contained in the water will for the most 
part be retained until the water is delivered at the 
other end, but if circumstances make it necessary to 
lay the pipe over intermediate and subordinately high 
ground, the air will accumulate at these high inter- 
mediate points, and it then becomes necessary to pro- 
vide for its escape, otherwise the pipe will become air- 
locked, and the flow of water retarded or wholly 
stopped, besides creating danger of bursting the pipe, 
from the concussion which the elasticity of the air 
allows the water to give to the pipe in the throbbing 
action caused by the repeated efforts of the column to 
pass the obstruction ; and these efforts are cumulative ; 
so that in all such cases air-escapes are fixed on the 
pipe. When delivered into a sufficiently large reser- 
voir it again in part takes up air. 

Whether the pressure which causes water to travel 
through a pipe be that of a natural head of water at a 
high level, or whether such pressure be artificially 
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given to it by a pump at a low level, is immaterial ; 
the actual pressure must be the same in both cases; 
and in the case of a pumping main air-escapes at high 
intermediate points are still more necessary, for besides 
the risk of bursting the pipe without them, there is 
the risk of breaking the engine by the sudden relief of 
its load. But in pumping mains intermediate rises 
seldom occur. Where the ground does itself rise and 
fall again intermediately, the pipe is made to rise con- 
tinuously by cutting through the hill. 

Supposing air locks to be avoided, It is necessary to 
see that no unnecessary obstruction to the flow of 
water be offered by sharp bends* When none of these 
causes of obstruction exist, and the resistance to the 
flow of water is that due to the friction of the water on 
the sides of the pipe, the pressure necessary to give 
any required velocity may be calculated by Eytelwein's 
formula,— = 5Q / dh 

V l + 50d 
where v = the mean velocity in feet per second, d = 
the diameter of the pipe in feet, and h the head of 
water in feet necessary to give the velocity v : Squar- 

ing both sides of this equation, v* = 2,500 , , , Q , 

, 7 v*l + 50d 
* nih = 2,500 d 

The correction 50 d is made for short lengths of 
pipe, but in waterworks mains, such as those now 
under consideration, the correction may be neglected, 

and the equation is simply v = 50 k/ —j- and 
" - 2,500 d 
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As in the case of open channels, a good working 
velocity is from 2 ft. to 2£ ft. per second in conduit 
pipes also. It may be found by calculation that about 
2J ft. per second is the most economical velocity 
through pumping mains, but for mains which convey 
water by gravitation the case is somewhat different, 
and in these, providing the source is sufficiently high 
above the point of delivery to give it, the velocity may 
be 3 ft. per second, or even more, economically, the 
size of the pipe being reduced accordingly. 

It should be observed that it is the ultimate quan- 
tity to be conveyed which should be thus regarded. 
Presently necessary quantities of water are usually 
much exceeded to meet increased requirements, and 
this fact, derived from experience, should be duly 
regarded in determining the sizes of pipes and 
conduits. 

If present velocity be made 1J ft. per second it 
allows for a growth of upwards of 80 per cent, in the 
quantity of water before passing the assumed best 
velocity, and when the quantity shall have increased 
50 per cent, more than the original quantity the velo- 
city will be 2£ ft. per second, which is about the limit 
of economical working ; although twice as much water 
as may be supplied at first may be driven through the 
same pipe at a velocity of 8 ft. per second, when suffi- 
cient power is exerted to pump the water ; but it is to 
be observed that the expenditure of power increases 
much more rapidly than in the ratio of the quantities 
of water pumped through the same pipe ; it increases 
as the cube of the quantity, for, converting the power 
expended into the height which corresponds with the 
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pressure applied — that is, into the head of water — that 
height is proportional to the square of the velocity, 
and therefore to the square of the quantity through 
any pipe of given diameter, and in respect of the 
power expended in pumping the water to this head it 
is as the head and the quantity, or as the cube of 
the quantity ; so that the power expended in pumping 
water through a pipe at the rate of 8 ft. per second is 
to that expended with a velocity of 2 ft. per second 
as 27 to 8, which is a ratio much greater than that 
between the cost of two pipes which shall deliver the 
same quantity of water in the same time at the rate of 
2 ft. and 3 ft. per second respectively, for the cost of 
two such pipes would only be in the ratio of about 
11 to 8. 

From Eytelwein's equation already given, as trans- 
lated by Dr. Thomas Young, and given in Tredgold's 
Tracts on Hydraulics, the diameter (d) may be found 
when the head (h), the length (1), and the velocity (v) 
are stated ; or the head may be found when the other 
terms are stated ; thus, 

/2,500 d h 

t 2,500 d h 

a ~ '2,5U0 h, 

h ~ u,600 d 
All dimensions being taken in feet, and the time per 
second. 

Or we may find each of these directly from the 
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quantity of water, for the quantity is the product of 
the cross sectional area of the pipe multiplied into the 
velocity, whilst the area is the square of the diameter 
multiplied into "7854. 

If Q represent the quantity of water in cubic feet 
per second, and if I, h, and d be taken as before, 

Q = '7854 <P x 50y/~^= 39'27 <*'y/^ 



= 39-27 



s/*t 



d= '/(JUT x± 

V Vay-27/ /* 

h ~ ^39-27/ <f 
If the quantity be taken in cubic feet per minute, 
39-27 X 60 = 2,856, and 

h ~\2,856/ X dF 

Eytelwein's equation has been adopted in calculating 
Table No. 5 in Beardmore's Hydraulic Tables. 

M. Prony, a French writer on hydraulics, as stated 
by Mr. Samuel Hughes in his treatise on water- 
works, derived from the same set of experiments which 
Eytelwein investigated, fifty-one in number, made by 
Du Buat, Bossut, and Couplet, the constant 48 - 49, 
instead of 50, as found by Eytelwein. 

Perhaps the formula which gives results more nearly 
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agreeing with observed facts under most ordinary cir- 
cumstances is Du Buat's. 

Du Buat's formula, as given by Dr. John Eobison, 
in his "Mechanical Philosophy," Art. Waterworks, 
is, in English measures, 

V« — Ws+i'O 

Wherein V = the mean velocity in inches per 
second. 
d = the hydraulic mean depth in inches. 
8 = the slope or inclination of the surface 
of the current, and is the length 
divided by the fall. (Thus a fall 
of 8 ft. per mile is a slope of 1760.) 
L = the hyperbolic logarithm of the quan- 
tity to which it is prefixed, and is 
had by multiplying the common 
logarithm of that quantity by the 
number 2'3026. 

This formula is also applicable to pipes running full, 
and is very accurate for both pipes and open channels. 

To facilitate its application in practice Dr. Eobison 
has given an extensive table of the logarithms of the 
values of 307 (V«T— 0*1), of the values of 0'3 
( V^— 0*1) and the logarithms of the values of \/»— 
L\/s + l'6, of which the following tables are abridge- 
ments. The range of the hydraulic mean depth is 
from 1 in. (4 in. pipe) to 3 ft. (large open channel), and, 
of a slope, from 1 in 240 to 1 in 3,200. 
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In the original tables the range of hydraulic mean 
depths is from -^ inch to 100 inches, and of slopes 
from 1 in 1 to 1 in 24,000. The extreme numbers, 
however, seldom if ever occur in practice, and the 
numbers selected in the foregoing tables will be found 
to embrace most cases of practice in waterworks. 

It will be useful to compare, by example, this 
formula with that of Eytelwein. It makes the velocity 
a little less than Eytelwein's rule, and is therefore pre- 
ferable, as erring, if at all, on the safe side ; while it 
makes some allowance for inequalities in the direction 
and inclinations of pipes and conduits. 

Example. — Required the mean velocity of a stream, 
the hydraulic mean depth of which (d) is 1 ft., and its 
inclination («) 1 in 1,800. 

By Table 1, Log. of 807 (s/d-0'1 = 3-01401 
By Table 2, Log. of V* - L\A+ 1'6 = 1*58747 
There remains . . 1*42654 
which is the log. of . . . . 26*70 

From which take, by Table 1, the 
value of 0-3 (<s/d- 0*1) = . . 1*0 1 

There remains . » 25*69 inches 

=2 # 14ft. velocity per second. 

According to Eytelwein's rule the hydraulic mean 
depth (h) = 1 ; the fall in two miles (/) = — i »00 = 
5*87 ; and the mean velocity per second (v) = *9 
s /hf= *9 \Alx5-87 = 2>1 8 ft. 

Example. — Required the mean velocity through a 
12 in. pipe, the fall of which is 1 in 530. 

The hydraulic mean depth in the case of a circular 



mean 
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pipe is always J of the diameter, and is in this case, 

therefore, Sin. 

By Table 1, Log. of 807 (\/ J- 0*1 = 2*69989 

By Table 2, Log. of V*-W* + 1'6 = 1*29851 

There remains . . . 1*40138, 

which is the log. of . . . . 25*20 

From which take, by Table 1, the 
value of 0.3 (\/3-0*l) = . . 0*49 

There remains . . 24*71 inches 
=2*06 ft. velocity per second. 

According to Eytelwein's rule the diameter (d) = 1 ; 
the head (h) = 1 ; the length (I) = 530 ; and the 

/Tit 

velocity per second (v) = 50 4 /— . Squaring 

both sides of the equation, v 2 =— - — ~ ' ■ = 

I 530 

4*717, the square root of which is 2*17 ft., the velocity 
per second. 

But if, as Eytelwein directs, we add the correction 

2500 
50 d to the length, then — — = 4*81, the square root 

of which is 2*08 nearly, and this agrees very nearly 
with the velocity found by Du Buat's formula. 

The following are the parts of the Act relating to 
water- works to which we point attention. Under sec. 
54, a local authority has the same powers for laying 
water-pipes as for laying sewers, which we have already 
described, both within the district and beyond it. 

By sec. 61, any local authority may supply water to 
the local authority of an adjoining district, and this is 
of much importance, for in some rural sanitary districts 
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it is very difficult to find water of suitable quality and 
sufficient in quantity, while in an adjoining district 
there may be an abundance of good water more than 
the sanitary authority of that district require for their 
own population, present and prospective. 

Some people think that the water procurable within 
any watershed area should be reserved for the use of 
the population of that area alone, but that must be 
allowed to be a view too strict for the occasion. 

Section 62 is to the effect that where any house is 
without a proper supply of water the local authority 
shall give notice to the owner to obtain a proper sup- 
ply, the occupier paying the water rate authorised by 
the local Act, if any, or where there is not any local 
Act in force, then at a cost not exceeding twopence a 
week; but the Local Government Board may order 
the rate to be more than twopence a week, if 'the local 
authority apply to them, and show that it is not suffi- 
cient in any particular case. 

This question is one of practical difficulty for every 
local authority where water works are not established. 
Take, for instance, a village or small town where one- 
half or two-thirds of the houses have wells upon the 
premises which furnish a supply of water to those 
houses of an indifferently good quality for drinking 
and culinary purposes, and the rain-water tanks of 
those houses (after an expenditure similar to that 
before stated) furnish a certain quantity of water for 
washing and bathing purposes. Further, suppose these 
houses to have been built by or to be occupied by the 
pecuniously better sort of the people in those parts of 
the town or village where water could be had by sink- 
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ing these wells. Now the local authority have to meet 
this difficulty ; they find the other half or third part 
of the houses upon ground which yields not even 
indifferently good water, but water which (if any at all 
be found by sinking a shallow well, such as could be 
paid for by a rate of twopence a week) is not fit to 
drink. How shall the local authority proceed? If 
they order that any given house be furnished with a 
proper supply of water, the owner will do his best to 
meet the order by sinking a well. If the water hap- 
pen to be good, so ; but if not, the local authority will 
have stultified their own position, and will have ordered 
to be done to-day what they must order to be undone 
to-morrow, for if the water is not good they must put 
in force the 70th section of the Act. 

I have thought it well to give this view of the case, 
because the difficulty often arises and has caused dis- 
putes in local councils as to the interpretation of the 
62nd section, but it is evident that that section does 
not apply to such a case, but that it contemplates that 
a general water supply is at the command of the local 
authority, and that any house may be ordered to be 
supplied from that general source if the charge will not 
exceed twopence a week, &c. 

Even if good water could be procured from a shallow 
well sunk on the premises of the house to be supplied, 
the cost would in general be more than twopence a 
week would cover. 

Any usual water rate is one which covers all costs 
and charges of making and maintaining the works, and 
the current expenses of the supply ; and the twopence 
a week, or 8s. 8d. per annum, must be considered as like- 
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wise covering all such costs, charges, and expenses of the 
supply ; and a fair rate of interest on the outlay would 
be 6£ per cent., to cover the interest and charges upon 
the money expended. The money to be expended, 
therefore, must not exceed about £6 18*., or say £7, in 
order that twopence a week may be an adequate charge 
for the water supply. 

A well would in most cases cost more than that. 
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Asphalte. — There is found in Val de Travers and other parts 
-a limestone which contains asphaltnm or native bitumen, and 
this, reduced to powder and otherwise treated, is the true as- 
phalte. That which is described in the book may be called 
home-made asphalte. 

Boulders. — Detached pieces of the older rocks, rounded, as we 
find them and the smaller pebbles on the sea shore. . They are 
mostly very hard, and make good road material ; those, at least, 
which appear to have been derived from the trap-rocks. 

Concrete. — Broken stone or burnt clay, or gravel, mixed with 
any cementing substance, as lime or Portland cement. It is 
necessary that the material to be cemented together be free from 
dirt, for the strength of the concrete depends upon the cohesion 
of the materials, and unless the surfaces of each separate piece of 
material be clean, the cementing substance will not adhere strongly 
to them. For various purposes various quantities of cementing 
substance are required to be mixed with given quantities of ma- 
terial, but for any purpose referred to in this book one part of 
cement or of hydraulic lime to seven parts of material is sufficient, 
if well mixed. Concrete should never be mixed on the bare 
ground, but upon a platform. The material being spread out, 
and the due proportion of lime or cement spread out upon it, 
water is to be sprinkled over them from the rose-head of a 
watering-can, and the whole is then to be turned over and re- 
turned, again and again, so as to coat every separate piece of 
material with the cementing substance, and the concrete is then 
to be deposited in place and trimmed level. That is all that is 
necessary when the concrete has. been well mixed. Wheeling it 
up a stage for the purpose of letting it fall from a height in order 
to consolidate it is useless labour ; so is ramming, unless it be 
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done at the moment which occurs between the .adherence of the* 
cement and its setting ; at any other time than this ramming 
does more harm than good. No sand or other substance than the- 
lime or cement is to be mixed therewith, but the clean stones are 
to be allowed to come together, stone to stone, and to cohere bj 
means of the cementing substance alone. 

Coal-tar. — This is procurable at any gas-works. Owing to their 
remoteness from the chemical manufactories which distil and 
otherwise use coal-tar, or from other causes, coal-tar is to be 
bought very cheap at many gas-works ; say at 2d. or 3d. per 
gallon. It is one of the waste products of the manufacture ot 
gas, which must be got rid of ; but it has a value for the purposes- 
mentioned in this book which is not to be measured by the neces- 
sities of demand and supply merely. 

Cement — Two kinds of cement are in common use,-*— Roman 
and Portland. Roman cement is made from the nodular stones 
found in clay at several places, as at the isle of Sheppy and at 
Harwich. It sets quickly. Portland cement is made from a 
mixture of chalk and clay, and when these are properly propor- 
tioned the cement sets under water as well as in the open air. 
If sand be mixed with cement at all it should be clean and sharp- 
to the touch, but even with such sand the strength of the cement 
is reduced below that of neat cement, in about the same ratio as- 
the quantities of cement and sand bear to each other ; thus, with 
one of sand to one of cement, the strength ultimately becomes 
about two-thirds of that of neat cement With 2 of sand to 1 
of cement, about £ ; with 3 of sand to 1 of cement, about J ; 
with 4 of sand to 1 of cement, about £ of the strength of neat 
cement But the greater the proportion of sand the longer time 
is required for setting ; with neat cement nearly the full ultimate 
strength is attained in about a month ; with 2 of sand to 1 of 
cement, in about three months ; while with a greater proportion 
of sand the setting goes on still more slowly. So that, for the 
work herein referred to, Portland cement should be used neat. 

Hydraulic lime. — The best hydraulic lime is made from the blue 
lias beds of stone ; these extend in a north-easterly direction from 
Lyme Regis, in Dorsetshire, by Bath, Gloucester ,Leicester,Newark 
and Gainsborough, to the Humber, and thence to the east coast of 
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Yorkshire at Whitby. Hydraulic lime is found also at Aberthaw 
in Glamorganshire, and at Halkin, in Flintshire. It sets under 
water as well as Portland cement. It is called a poor lime in 
contradistinction to others which are called rich or fat limes, as 
those which are made from chalkstone and the mountain lime- 
stone, which, although good for dry work, and for land, will not 
set under water. Its colour is a brownish yellow. It requires a 
much longer time to slake properly with water, and when slaked 
it swells but little in comparison with the fat limes. Instead of 
being slaked in lumps this kind of lime is ground into powder in 
revolving pans under heavy rollers, and used in the manner of 
cement. A part of the Wenlock Limestone is strongly hydraulic. 
It has very much the appearance of the blue lias, and burns of 
nearly the same colour, — rather darker. Neither this nor the 
blue lias will carry much sand. 

Metalling.— As applied to roads, is the top coating of stone, or 
the road proper, and resists the wear and tear of horses' feet, 
being laid upon a bed of stone which is called the foundation of 
the road. The metalling of roads should be of such material as 
resists the wear of traffic, such as Whinstone, Rowley rag, and 
Clee Hill Dhu stone ; this latter being one of the best kinds of 
stone in England for the metalling of roads. 

Organic matter.— Matter endowed with life, whether animal or 
vegetable, or, as it would appear in some cases, partaking of the 
two ; as distinct from mineral matter, which is devoid of life. 
Natural philosophers cannot exactly determine whether cer- 
tain things which are found are animal or vegetable in their 
attributes, for they seem to partake of the qualities of both ; but 
of living things in general, and broadly, there is a marked dis- 
tinction in their qualities, and we call the one animal and the 
other vegetable ; but both are organised, — that is, the parts of 
each are endowed with the quality of co-operating with its other 
parts in producing structure. When it has attained the limit of 
the power with which it has been endowed it decays naturally. 
If its life be cut short before it attains that limit it decays still. 
In either case, when its progress is arrested it returns to mother 
earth and is resolved into its original elements. This returning 
stage is called, in the book, effete organic matter. 
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Puddle, or puddled clay. — Clay rendered so close and compact 
as to prevent the passage of water through it. When clay is dug 
from the ground, it mostly contains either stones or small veins of 
sand, and it is to get rid of these that it is worked up, cut, and 
cross cut, with long-bladed spades, and trodden into an impervious 
mass. In order to enable this to be done a certain quantity of 
water is added to the clay. It greatly facilitates the working of 
puddle when time is allowed for the clay to soak up the water 
after being cut and cross cut, and before being finally worked and 
trodden. 

Wall-plate. — The piece of timber laid upon the top of the 
wall to receive the feet of the rafters, or the tie beam, of the 
root 

Wire gauge. — The Birmingham wire manufacturers established 
certain numbers which represent thicknesses, and specify any 
particular thickness not in parts of an inch but by the appropriate 
number. One eighth of an inch thick is No. 11 ; one sixteenth 
of an inch is No. 16 ; one thirty-second part of an inch is No. 
22 B. W. G. The thicknesses of sheet iron are stated in the 
same numbers. 
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distinct works in almost every department of Science, Art, and Education, are re- 
commended to the notice of Engineers, Architects, Builders, Artisans, and Students 
generally, as well as to those interested in Workmen's Libraries, Free LibrarieT, 
Literary and Scientific Institutions, Colleges, Schools, Science Classes, &*c, &*c. 





N.B.—In ordering from this List it is recommended, as a means of facilitating 
business and obviating error, to quote the numbers affixed to the volumes, as well as 
the titles and prices. 

V The books are bound in limp cloth, unless otherwise stated. 



RUDIMENTARY SCIENTIFIC SERIES. 

ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE— ORDERS— The Orders and their Esthetic 

Principles. By W. H. Leeds. Illustrated. • is. 6d. 

17. ARCHITECTURE— STYLES— Tht History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A.. &c. Illustrated. 2s. 
V* Orders and Styles of Architecture, in One Vol., %s. 6d. 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of tho 
Greek and Gothic Architects. By E. L. Garbett, Architect. Illustrated. 2s. 
*#* The three preceding Works, in One handsome Vol.,. half bound, entitled 
<r Modern Architecture," Price 6s. 

22. THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By Edward Dobson, 
M.R.I.B.A., Sec. Illustrated, is. 6d. 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 

ture of; containing an Outline of the Principles of Brickmaking. By Edw. 
Dobson, M.R.I.B.A. With Additions by C. Tomlinson, F.R.S. Illustrated, is. 

25. MASONRY AND STONECUTTING, Rudimentary Treatise 
on ; in which the Principles of Masonic Projection and their application to 
the Construction of Curved Wing- Walls, Domes, Oblique Bridges, and , 
Roman and Gothic Vaulting, are concisely explained. By Edward Dobson, 
M.R.I.B.A., &c. Illustrated with Plates and Diagrams. 2s. 6d. 

44. FOUNDATIONS AND CONCRETE WORKS, a Rudimentary 
Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, Be ton, Pile-driving, Caissons, and 
Cofferdams. By E. Dobson, M.R.I.B.A., tec. Fourth Edition, revised by 
George Dodd, C.E. Illustrated, zs. 6d. 

CROSBY LOCKWOOD AND CO., 7, STATIONERS* HALL COURT, E.C. 
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Architecture, Building, etc., continued. 
42. COTTAGE BUILDING. By C. Bruce Allen, Architect 

Eleventh Edition, revised and enlarged. Numerous Illustrations, is. 6d. 
45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c, Rudimentary Treatise on. By G. R. Burkell, C.E. 
Ninth Edition, with Appendices, is. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, Sec. By Charles Tomlinson, F.B.S., &c. Illustrated. 3s. 
S$**. CONS 7 RUCTION. OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs. Esq., of New York, and Edited by Charles Tom- 
linson, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. IUus. 2s. 6d. 

in. ARCHES, PIERS, BUTTRESSES, &c: Experimental Essays 
on the Principles of Construction in ; made with a view to their being useful 
to the Practical Builder. By William Bland. Illustrated, xs. 6d. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of the'Arcbitect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated. is.6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Trkdgold. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. With Illustrations, designed by the 
Author, and engraved by O. Jewitt. is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 
130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with a Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 
%• The two Preceding Works in One handsome Vol. y half bound, entitled "Anxient 
Architecture." Price 6s. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. By S. H. Brooks, Architect. New Edition, with Plates. 2s. od. 



Beaton, Architect and Surveyor. New and Enlarged Edition. IUus. xs. 6d. 
175. LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, with which is incorporated Atchley's and portions of the 
late G. R. Burnkix's "Builder's Price Books," for 1876, containing 
the latest Prices of all kinds of Builders' Materials and Labour, and of aQ 
Trades connected with Building : with many useful and important Memo- 
randa and Tables; Lists of the Members of the Metropolitan Board of 
Works, of Districts, District Officers, and District Surveyors, and the 
Metropolitan Bye-laws. The whole Revised and Edited by Francis T. 
W. Miller, Architect and Surveyor. 3s. 6d. 

182. CARPENTRY AND JOINERY— The Elementary Prin- 
ciples of Carpentry. Chiefly composed from the Standard "Work of 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d. 
182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the foregoing book. With Descriptive Letterpress. 4to. 6s. 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 
wick. Author of " The Palace of Architecture," 8cc. See. New, Revised, 
and enlarged Edition. By G. Huskisson Guillaume, Architect. With 
numerous Woodcuts. 3s. 6d. \.Jnst published. 

LONDON : CROSBY LOCKWOOD AND CO., 
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Architecture, Building, etc., continued. 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
• WRITING : A Practical Manual of, containing full information on the 

Processes of House Painting in Oil and Distemper, the Formation of 
Letters and: Practice of Sign Writing, the Principles of Decorative Art, a 
Course of Elementary Drawing for House Painters, Writers, &c, and a 
Collection of Useful Receipts. With 9 Coloured Plates of Woods and 
Marbles, and nearly 150 Wood Engravings. By Ellis A. Davidson, 
Author of " Building Construction/* " Drawing for Carpenters," &c. 5s. 

[Just published. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles of Bricklaying; Arch Drawing, Cutting, 
and Setting ; different kinds of Pointing ; Paving, Tiling, Materials ; Slating 
and Plastering ; Practical Geometry, Mensuration, &c. By Adam Hammond. 
Illustrated with 68 Woodcuts, is. 6d. \just published. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Supplementary Chapters upon House Drainage, em- 
bodying the latest Improvements. Containing about 300 Illustrations. By 
William Paton Buchan, Practical and Consulting Sanitary Plumber; 
Mem. of Coun. San. and Soc. Econ. Sec. of the Philosophical Society of 
Glasgow. [Nearly ready* 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS* 

and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard E. Grandy. 
Second Edition, Revised. 3s. 

CIVIL ENGINEERING, ETC- 

13. CIVIL ENGINEERING, the Rudiments of; for the Use of 
Beginners, for Practical Engineers, and for the Army and Navy. By Henry 
Law, C.E. Including a Section on Hydraulic Engineering, by George R. 
Burnell, C.E. 5th Edition, with Notes and Illustrations by Roberi 
Mallet, A.M., F.R.S. Illustrated with Plates and Diagrams. 5s. 

S9. THE DRAINAGE OF DISTRICTS AND LANDS. By G. 
Drysdale Dempsey, C.E. New Edition, revised and enlarged. Illustrated, 
is. Cd. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Drysdale Dempsey, C.E. New Edition. Illustrated. 2s. 6d. 
%• With " Drainage of Districts and Lands" in One Vol.. 3*. 6d. 

31. WELL-DIGGING, BORING, AND PUMP- WORK. By 

Tohn George Swindell, Assoc. R.I.B.A. New Edition, revised by G. R. 

Burnell, C.E. Illustrated. is.6d. 
35. THE BLASTING AND QUARRYING OF STONE, for 

Building and other Purposes. With Remarks on the Blowing up of Bridges. 

By Gen. Sir John Burgoynb, Bart., K.C.B. Illustrated, is. 6d. 
43, TUBULAR AND OTHER IRON GIRDER BRIDGES, 

Particularly describing the Britannia and Conway Tubular Bridges. 

With a Sketch of Iron Bridges, and Illustrations of the Application of 

Malleable Iron to the Art of Bridge Building. By G. D. Dempsey, C.E., 

New Edition, with Illustrations, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
struction on the Science of. By Sir Macdonald Stephenson, C.E. 
New Edition, revised and enlarged by Edward Nugent, C.E. Plates and 
numerous Woodcuts. 3s. 

8o». EMBANKING LANDS FROM THE SEA, the Practice of. 

Treated as a Means of Profitable Employment for Capital. With Examples . 
and Particulars of actual Embankments, and also Practical Remarks on the 
Repair of old Sea Walls. By John Wiggins, F.G.S. New Edition, with 
Notes by Robert Mallet, F.R.S. 2s. 
81. WATER WORKS, for the Supply of Cities and Towns. With, 
a Description of the Principal Geological Formations of England, as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition, 
revised and enlarged, with numerous Illustrations. 4s. 
82**. GAS WORKS, and the Practice of Manufacturing and Distributing 
Coal Gas. By Samuel Hughes, C.E. New Edition, revised by W. 
Richards, C.E. Illustrated. 3s. 6d. 

7, STATIONERS' HALL COURT, LUDGATB HILL, E.C. 
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Civil Engineering, etc., continued. 

117. SUBTERRANEOUS SURVEYING ; an Elementary and Pm- 

tical Treatise on. By Thomas Fknwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
modern Improvements. By Thomas Baker, C.E. Illustrated, 2s. 6d. 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 
121. RIVERS AND TORRENTS. With the Method of Regulating 
their Courses and Channels. By Professor Paul Frisi, F.R.S., of Milan. 
To which is added, AN ESSAY ON NAVIGABLE CANALS. Translated 
by Major-General John Garstin, of the Bengal Engineers. Plates. 2s.6d. 



MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
Joseph Glynn, F.R.S., &c. Illustrated, is. 6d. I 

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr. 
. Lardner. Illustrated, js. 6d. 

59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, xs. 6d. 
63. AGRICULTURAL ENGINEERING: Farm Buildings, Motive 

Power, Field Machines, Machinery, and Implements. By G. H. Andrews, 

C.E. Illustrated. 3s. 

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmind Beckett (late Edmund Beckett Denisox, LX..D., Q.C.) 
A new, Revised, and considerably Enlarged Edition (the 6th), with very 
numerous Illustrations. 4s. 6d. [Just Published. 

77*. THE ECONOMY OF FUEL, particularly with Reference to 

Reverbatory Furnaces for the Manufacture of Iron, and to Steam Boilers. 

By T. Symhs Prideai'x. is. 6d. 
82. THE POWER OF WATER, as applied to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Joseph 

Glynn, F.R.S., 8cc. New Edition, Illustrated. 2s. 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. With Remarks on Tools and Machinery, by 

J. Xasmyth, C.E. Plates. 2s. 6d. 

114. MACHINERY, Elementary Principles of, in its Construction and 

Working. Illustrated by numerous Examples of Modern Machinery for 
different Branches of Manufacture. By C. D. Abel, C.E. is. 6d. 

115. ATLAS OF PLATES. Illustrating the above Treatise. By 

C. D. Abel, C.E. 7s. 6d. 
125. THE COMBUSTION OF COAL AND THE PREVENTION 

OF SMOKE, Chemically and Practically Considered. With an Appendix. 

By C. Wye Williams, A.I.C.E. Plates. 3s. 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules at length, and Examples for the Use of Practical Men. By 

T. Baker, C.E. Illustrated, is. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 
Bronzing, &c. With copious Receipts, numerous Tables, and Notes on Prime 
Costs and Estimates. By Walter Graham. Illustrated. 2s. 6d. 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c, &c. By J. G. Wintox. Illustrated. 3s. 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d. 

LONDON : CROSBY LOCKWOOD AND CO., 
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Mechanical Engineering, etc., continued. 

166/ POWER IN MOTION: Horse-Power, Motion, Toothed-Wheel 
Gearing, Long and Short Driving Bands, Angular Forces. By Jambs 
Armour, C.E. With 73 Diagrams. 2s. 6d. 

167. THE APPLICATION OF IRON TO THE CONSTRUCTION 
OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. Showing 
the Principles upon which such Structures are designed, and their Practical 
Application. By Francis Campin, C.E. Numerous Woodcuts. 2s. 

171. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Engineer. Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R.S.N.A., South 
Kensington. Third Edition. Illustrated with 7 Plates and nearly 35oWood- 
cuts. 3s. 6d. 

£190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. An elementary treatise on. Being an extension of Mr. John 
Sewell's " Treatise on Steam." By D. Kinnear Clark, C.E., M.I.C.E. 
Author of " Railway Machinery," " Railway Locomotives," &c., &c. With 
'numerous Illustrations. 3s. 6d. \.Ju$t ready. 



SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or, an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 
Tames Peakb, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Fourth Edition, corrected, with Plates -and Diagrams. 3s. 6d. 
53». SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommer- 
feldt, Surveyor of the Royal Norwegian Navy. With an Appendix, is. 
53**. AN ATLAS OFENGRA VINGS to Illustrate the above. Twelve 

large folding plates. Royal -jto, cloth. 7s. 6d. 

54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks : Chain, 
Wire, and Hemp Ropes, 8cc, relative to every class of vessels. Together 
with an Appendix of Dimensions of Masts and Yards of the Royal Navy of 
Great Britain and Ireland. By Robert Kipping, N.A. Thirteenth Edition. 
Illustrated, is. 6d. 
54*. IRON SHIPBUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. Fifth Edition, with important Addi- 
tions. 4s. 
54»». AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules, " Bellerophon ; " H.M. Troop Ship "Serapis," 
Iron Floating Dock, &c, &c. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. I. How to Keep the Log and Work it off. II. On Finding the 
Latitude and Longitude. By James Greenwood, B.A., of Jesus College, 
Cambridge. To which are added, Directions for Great Circle Sailing ; an 
Essay on the Law of Storms and Variable Winds ; and Explanations of 
Terms used in Ship-building. Ninth Edition, with several Engravings and 
Coloured Illustrations of the Flags of Maritime Nations. 2s. 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Fifth Edition, 
revised and enlarged. Illustrated. 3s. 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 
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Shipbuilding, Navigation, etc., continued. 

%lbis. THE FORMS OF SHIPS AND BOATS: Hints, Experiment. 

ally Derived, on some of the Principles regulating- Ship-building. By W. 

Bland. Sixth Edition, revised, with numerous Illustrations and Models. xs.6d. 
99. NAVIGATION AND NAUTICAL ASTROWOMY, in Theory 

and Practice. With Attempts to facilitate the Finding of the Time and the 

Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in 

Belfast College. Illustrated. 2s. 6d. 
loo*. TABLES intended to facilitate the Operations of Navigation and 

Nautical Astronomy, as an Accompaniment to the above Book. By J. IL 

Young, is. 6d. 

106. SHIPS' ANCHORS, a Treatise on. By George Cotsell, 

N.A. Illustrated, is. 6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c, he. 
Tenth Edition, enlarged, with an Appendix. By Robert Kippixg, NA, 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d. 

155. THE ENGINEER'S GUIDE TO THE ROYAL ANI> 
MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. M'Carthy, late of the Ordnance Survey Office, Southampton. 3s. 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY, for the Use of Beginners. By Professor George 

Fownbs, F.R.S. With an Appendix, on the Application of Chemistry to 
Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C Tomlinsox, Lecturer' on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 

4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s. 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomlinson, Lecturer on Natural Science in King's 
College School, London. Illustrated, is. 6d. 

7. ELECTRICITY ; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With considerable Additions by R. Sabine C.E 
F.S.A. Woodcuts, is. 6d. ' 

7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, revised, with considerable Additions, by Robert Sabine. C.E.. 
F.S.A. Woodcuts, is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
Noad, Ph.D., Vice-President of the Chemical Society, Author of" A 
Manual of Electricity," 8cc, &c. With 165 Wooocuts. 3s. 6d. 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A., &c. 
Woodcuts. 3s 

12. PNEUMATICS, for the Use of Beginners. By Charles 

Tomlinsox. Illustrated, is. 6d. 
72. MANUAL OF THE MOLLUSC A ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by 
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts 
6s. 6d. Cloth boards, 7s. 6d. ' 



LONDON: CROSBY LOCKWOOD AND CO., 
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Physical Science, Natural Philosophy, etc., continued. 

79**. PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhoven, 
by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY. By the Rev. R. Main, M.A., F.R.S., &c. 

New and enlarged Edition, with an Appendix on " Spectrum Analysis." 
Woodcuts, is. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 
138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Superintendent, Indian Gov. Telegraphs. 
Woodcuts. 3s. 

143. EXPERIMENTAL ESSAYS. By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of the Modern Theory of Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's " Rudiments of Geology." By Ralph Tate, A.L.S., &c. Numerous 

Woodcuts. 2S. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's " Rudiments of 

I7d Geology." By Ralph Tate, A.L.S., F.G.S., &c, &c. Numerous Illustra- 

'*" tions. In One Volume. 4s. 6d. 

183. ANIMAL PHYSICS, Handbook of. By Dionysius Lardner, 

£ D.C.L., formerly Professor of Natural Philosophy and Astronomy in Uni- 
versity College, London. With 520 Illustrations. In One Volume, clqth 
1 04. boards. 7s. Cd. 

* * Sold also in Two Parts, as follows : — 



183. Animal Physics. By Dr. Lardner. Part I., Chapter I— VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II. Chapter VIII— XVIII. 3s. 



MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d. 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 6d. 

134. METALLURGY OF SILVER AND LEAD. A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamborn. Woodcuts." 2s. 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. New Edition. Woodcuts. 2s. 
172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. Comprising Observations on the Materials from, and 
Processes by which they are manufactured ; their Special Uses, Applica- 
tions, Qualities, and Efficiency. By William Morgans, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d. 
172*. MINING TOOLS, ATLAS of Engravings to Illustrate the 
above, containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. 
4s. 6d. 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 
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Mining, Metallurgy, etc., continued. 

176. METALLURGY OF IRON, a Treatise on the. Containing 
Outlines of the History of Iron Manufacture, Methods of Assay, and Analyses 
of Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H. 
Baubrman, F.G.S., Associate of the Royal School of Mines. Fourth 
Edition, revised and enlarged, with numerous Illustrations. 4s. 6d. 

180. COAL AND COAL MINING: A Rudimentary Treatise on. 
Bv Warington W. Smyth. M.A., F.R.S., 8cc, Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. New Edition, revised 
and corrected. With numerous Illustrations. 3s. 6d. 



EMIGRATION. 



154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c, &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World. 2s. 
157. THE EMIGRANTS GUIDE TO NATAL. By Robe*t 
Jambs Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2s. 

159. THE EMIGRANTS GUIDE TO AUSTRALIA, New South 

Wales, Western Australia, South Australia, Victoria, and Queensland. By 
the Rcy. James Baird, B.A. Map. 2s. 6d. 

160. THE EMIGRANT'S GUIDE TO TASMANIA and NEW 

ZEALAND. By the Rev. James Baird, B.A. With a Map. 2s. 
159 & THE EMIGRANTS GUIDE TO AUSTRALASIA. By the 
160. Rev. J. Baird, B.A. Comprising the above two volumes, x2mo, cloth boards. 
With Maps of Australia and New Zealand. 5s. 



AGRICULTURE. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By 

G. Drysdale Dkmpsey, C.E. Illustrated, xs. 6d. 

•#* With " Drainage of Towns and Buildings ," in One Vol., 3*. 6d. 
63. AGRICULTURAL ENGINEERING : Farm Buildings, Motive 

Powers and Machinery of the Steading, Field Machines, and Implements. 



}\y G. H. Andrews, CE._ Jllustrated. 3s. 



66. CLAY LANDS AND LOAMY SOILS. By Professor 

Donaldson, is. 
131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER, for ascertaining at sight the value of any quantity of Corn, 
from One Bushel to One Hundred Quarters, at any given price, from £1 to 
£S per quarter. Together with the approximate values of Millstones and 
Mill work, &c. is. 

140. SOILS, MANURES, AND CROPS. (Vol. 1. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 
14!. FARMING AND FARMING ECONOMY, Notes, Historical 

and Practical, on. (Vol. 2. Outlines of Modern Farming.) By R.Scott 

Burn. Woodcuts. 3s. 
142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. od. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outunhs 
of Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outlines of Modern 

Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

>»• Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled " Outlines of 

Modern Farming." By Robert Scott Burn. Price xas. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 

the French of Du Brbuil, Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d. 

LONDON : crostw uocT^woaD kstc> co m 
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FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By George Pyne, 
Artist. Woodcuts. 2s. 

40. GLASS STAINING; or, Painting on Glass, The Art of. Com- 

prising Directions for Preparing the Pigments and Fluxes, laying them upon 
[the Glass, and Firing or Burning in the Colours. From the German of Dr. 
Gbssert. To which is added, an Appendix on The Art of Enamelling, 

41. PAINTING ON GLASS, the Art of. From the German of 

Emanuel Otto Fromberg. is. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises and Lessons. Written and Selected from the Best Masters, by Charles 
Child Spencer, is. 6d. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Timbs, F.S.A. Third Edition, revised and enlarged, with Frontispiece 
and Vignette. 5s. 

186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson, Author of " Drawing for Carpenters," &c. With two new 
Coloured Diagrams and numerous Engravings on Wood. 2s. 6d. 



ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjusting, and Using them 

[are concisely Explained. By J. F. Heather, M.A., of the Royal Military 

.Academy, Woolwich. Original Edition, in 1 vol., Illustrated, is. 6d. 

• »* In ordering the above, be careful So say, " Original Edition^ or give the number 

in the Series (32) to distinguish it from the Enlarged Edition in 3 vols. 

(A'os. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modern Improvements. Arranged for the Use of Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. By 
T. Baker. C.E. New Edition, revised by Edward Nugent, C.E. Illus- 
trated with Plates and Diagrams. 2s. 
61*. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2s. 6d. to^i per acre, and 
Tables for the Valuation of Land, from is. to £1,000 per acre, and from one 
pole to two thousand acres in extent, &c, &c. is. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. Monge. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY : giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By T. F. Heather, M.A. [In preparation. 

%* 7 he above three volumes will form a Complete Elementary Course of 
Mathematical Drawing. 

J, STATIONERS' HALL CO\3RT, lATCteKTfc mv\^ ^^* 
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Arithmetic, Geometry, Mathematics, etc, continued. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

.'and Forms in English, French, Italian, and German. By James Haddok, 
M.A., Arithmetical Master of King's College School, London, is. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. By J. R. Yonxc, late Professor 
of Mathematics in Belfast College. New Edition, with Index, is. 6d. 

84* A Key to the above, containing Solutions in fall to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 
83*. Annuities, Life Assurance, and General Commerce; with various Tables 07 

which all Calculations may be greatly facilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, MJL, 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2s. 
86* A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, xs. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 
80. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
y Logic. By Henry Law, C.E. 2s. 6d. 

**• Sold also separately, viz. : — 

88. Euclid, The First Three Books. By Henry Law, C.E. is. 

89. Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. xs. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
King's College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College, as. 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. xs. 
%• Or with " The Elements 0/ Plane Trigonometry," in One Volume, zs. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. "With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, -with Corrections 
and Additions by E. Nugent, C.E. Illustrated, xs. 6d. 

94. LOGARITHMS, a Treatise on; with Mathematical Tables for 

facilitating Astronomical, Nautical, Trigonometrical, and Logarithmic Calcu- 
lations ; Tables of Natural Sines and Tangents and Natural Cosines. By 
Henry Law, C.E. Illustrated. 2s. 6d. 

ioi*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., 8tc. is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated, xs. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, xs. 

101. DIFFERENTIAL CALCULUS, Examples of the. By W. S. B. 
Woolhouse, F.R.A.S., &c. is. 6d. 

104. DIFFERENTIAL CALCULUS, Examples and Solutions of the.' 

By James Haddon, M.A. xs. 

LONDON ; CROSBX !.OCS?NOOT> MSI* C<^ 
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Arithmetic, Geometry, Mathematics, etc., continued. 

105. MNEMONICAL LESSONS. — Geometry, Algebra, and 
Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 
Penyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by Abraham Arman. 
is. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

147. ARITHMETIC, Stepping- Stone to; being a Complete Course 

of Exercises in the First Four Rules (Simple and Compound), on an entirely 
new principle. For the Use of Elementary Schools of every Grade. Intended 
as an Introduction to the more extended works on Arithmetic. By Abraham 
Arman. is. 

148. A Key to Stepping-Stone to Arithmetic. By A. Arman. is. 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 3s. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 
ing— I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 

' " ic Royal 
' &c, &c. 



Arithmetical Computations. By J . F. Heather, M.A., late of the Royal 
Military Academy. Woolwich, Author of" Descriptive Geometry, 1 " " 
Illustrated, is. 6d. 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 
\* The above three volumes form, an enlargement of the Author's original work. 
" Mathematical Instruments: their Construction, Adjustment, Testing, and Use, 
the Eleventh Edition of which is on sale, price is. 6d. (See No. 32 in the Series.) 

168.) MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. f M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
170.^ above, in One thick Volume. With numerous Illustrations. Cloth boards. 5s. 
185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c, &c. ; Unequal -sided, Square-sided, Octagonal- 
sided, Round Timber and Stone, and Standing Timber. With just Allow- 
ances for the Bark in the respective species of Trees, and proper deductions 
for the waste in hewing the trees, &c. ; also a Table showing the solidity of 
hewn or eight-sided timber, or of any octagonal -sided column. Compiled 
for the accommodation of Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Third 
Edition, with considerable and valuable additions. 4s. [Just published. 



LEGAL TREATISES. 



50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition., revised and considerably 
enlarged. 3s. [Just published. 

151. A HANDY BOOK ON THE LAW OF FRIENDLY, IN- 
DUSTRIAL <5- PROVIDENT BUILDING &- LOAN SOCIETIES. 
With copious Notes. By Nathaniel White, of H.M. Civil Service, is. 

163. THE LAW OF PATENTS FOR INVENTIONS; and on 
the Protection of Designs and Trade Marks. By F. W. Campin, Barrister- 
at-Law. 2s. 

7, STATIONERS* HALL cowt, LVIOOfcra TKXV^ ^*^* 
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HISTORY, 
i . England, Outlines of the History of; 1 

m&reaoe to t»Osi,pE acne Pryfri c w of the E nffiA 

Book fcr Scat*** aac CiOges. Br Wuiiam Doraus ] 
of Her IfaAecsr c PtiuJc K«occ>d Ofiw. Foocnk RirrioM. * 
£w: V> ^;i- ILkpc ac&d Wwocxa. 5s. ; ctok boaids, 4 

5. Greece, Outlines of the History of; in connection with the 

fci*e of tbt Art* axid CrrEUaaocxt a Evopr. Br W. Daccaus Hajouot, 

7. Rome, Outlines of the History of: from the T^»«*«» Period 

t/> tbe Obriiei.ias Era aad tat CocasxaexceaMns of the ^**^t «f nW Eanirr. 
Ji/ Eltwaici> Lc%-UK r <A Ba^ku CoOieyr, OxfcrrtL Map, as. fid.; ci. hk. ^.6d. 

9, Chronology of History, Art, Literature, and Progress, 

from tiwe Creaoloaa of tie Worid to the Cosclsaoa of the ^-^rg ?!■■■■ 
War, The Coctianai3os br W. D. Hjuui.ro*, Fi?.A., of Ho- 3fa|crtr's 

Ktzoord Oftce. j»- ; cloli boards, $*. 6d- 

^o. Dates and Events in English History, lor the use of 

Camftda&ec in Public and Printe ExasmsalkMis. Bj the Rer. K««a^ g A wi> . 
H.A. it. 

LONDON : CROSBY UQttBKQOD KStt C»-» 
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ENGLISH LANGUAGE AND MISCEL- 
LANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hyde 
Clarke, D.C.L. Third Edition, is. J / 

11*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hyde Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hyde Clarke, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
16th Edition, is. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. Rowbotham, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. Fifth Edition, carefully corrected. 
2s. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, is. 6d. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Public and Private Examinations. By the Rev. Edgar 
Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modern Chemical Nomencla- 
ture and Notation. By Wm. W. Pink, Practical Chemist, 8tc, and George 
E. Webster, Lecturer on Metallurgy and the Applied Sciences, Notting- 
ham. 2S. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

Introductory Primer, 3d. 



s. d. 

Fourth Standard . . .12 

Fifth „ . . . . x 6 

Sixth „ . . . . 1 6 

Lessons from the Bible. Part I. Old Testament, is. 

Lessons from the Bible. Part II. New Testament, to which is added 

The Geography of the Bible, for very young Children. By Rev. C. 

Thornton Forster. is. 2d. %* Or the Two Parts in One Volume, as. 



d. 

First Standard . ..06 
Second „ . . o 10 

Third „ ..10 



FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, on Railways, &c. By Alfred 
Elwss. is. 6d. 

26. English-French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s. ; 

cloth boards, 3s. 6d. %* Or with the Grammar, cloth boards, 4s. 6d. 

7, stationers' hall comi, lmdokt^ m\A^ -«.«.. 



14 weale's educational and classical series. 

French, continued, 
47. French and English Phrase Book : containing Intro- 

ductory Lessons, with Translations, for the convenience of Students: several 
Vocabularies of \\ ords, a Collection of suitable Phrases, and Easy Familiar 
Dialogues, is. * J 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Hcyse's Theoretical and Practical Grammar, by Dr. G. L,. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from tk 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41. German Triglot Dictionary. By Nicholas Esterhazy, 

S. A. Hamilton. Part I. English-Gerraan-French. is. 

42. German Triglot Dictionary. Part II. German-French. 

English, is. 

43. German Triglot Dictionary. Part III. French-German. 

English, is. 

41-43. German Triglot Dictionary (as above), in One Vol., 3s.; 
cloth boards, 4s. * # * Or with the German Grammar, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwes. is. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns arc carefully noted down. By Alfred Elwes. 
Vol. 1. Italian-English-French. 2s. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-French-Italian. 2s. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

Frcnch-Italian-English. 2s. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 6s.; 
32. cloth boards, 7s. 6d. %* Or with the Italian Grammar, cloth bds., 8s. 6d. 



SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining-, Engineering, &c, 
with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
4s. ; cloth boards, 5s. * # * Or with the Grammar, cloth boards, 6s. 
55. Portuguese Grammar, in a Simple and Practical Form. 
With a Course of Exercises. By Alfred Elwes, Author of " A Spanish 
Grammar," &c. is. 6d. [Just published. 



HEBREW. 

46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. %• Or with the Grammar, 7s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 
46*. the Grammar, cloth boards, 12s. 

LONDON : CROSBY LOCKWOOD AND CO., 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin', 
M.A., Head Master of the Greenwich Proprietary School, is. 

20. Latin-English Dictionary. Compiled from the best Autho- 

rities. By the Rev. Thomas Goodwin, M.A. 2s. 
22. English-Latin Dictionary ; together with an Appendix of 

French and Italian "Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 
cloth boards, 4s. 6d. %• Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Pelectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by Henry Young, 
lately Second Master of the Royal Grammar School, Guildford, is. 

2. Caesaris Commentarii deBello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 
12. Giceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes Explanatory and Critical, by the Rev. 
James Davies, M.A. is. 
14. Giceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 
citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

3. Cornelius Nepos. With Notes. Intended for the Use of 

Schools. By H. Young, is. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace ; Satires, Epistles, and ArsPoetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d. 
21. Juvenalis Satirse. With Prolegomena and Notes by T. H. S. 
Escott, B.A., Lecturer on Logic at King's College, London, is. 6d. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part 1. Books i., ii., is. 6d. 
16*. Part 2. Books iii., iv., v., is. 6d. . 

17. Part 3. Books xxi. xxii., is. 6J. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes Critical 

and Explanatory, by "W. M. Donne, B.A., Trinity College, Cambridge, 
is. 6d. 

10. Terentii Adelphi Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2s. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. is. 6d. 

11. Terentii Eunuchus, Comcedia. Edited,' with Notes, by the Rev. 

Jambs Davies, M.A. is. 6d. Or the Adelphi, Andria, and Eunuchus, 
3 vols, in 1, cloth boards, 6s. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics Dy W. Rushton, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis ^neis. Notes, Critical and Explanatory, by H. 
Young. 2s. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid, ftotes by W. B. Donne, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Floras, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donne, M.A. 2s. 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own dav Bv Haxs 
Claude Hamilton, is. Jm j 

15,17. Greek Lexicon. Containing all the Words in General Use, with 
their Significations, Inflections, and Doubtful Quantities Bv Hevry JL 
Hamilton. Vol. 1. Greek-English, as.; Vol. 2. English- Greek, 2s. ' Or the 
Iwo Vols, in One, 4s. : cloth boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 
1. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary vocabulary hv Tnnv 
Hutchison, M. A., of the High School, Glasgow, xs. aouiai 7» °y JO™ 

30. ^Eschylus : Prometheus Vinctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory 
by the Rev. James Davies, M.A. is. 

$2. w<Eschylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davies, M.A. is. 

40. Aristophanes : Acharnians. Chiefly from the Text of C. H. 

Weise. With Notes, by C. S. T. Townshend, M.A. is. 6d. 
26. Euripides: Alccstis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milner, B.A. is. 
23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by W. Brownrigg Smith 
M.A., F.R.G.S. is. 6d. ' 

14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 

With Preliminary Observations and Appendices, and Notes. Critical and 
Explanatory, by T. H. L. Leary, M.A., D.C.L. 

Part 1. Books i., ii. (The Clio and Euterpe), 2s. 
Part 2. Books iii., iv. (The Thalia and Melpomene), 2s. 
Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2s. 
Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 
5-12. Homer, The Works of. According to the Text of Bakumlein. 
With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H L. 
Leary, M.A., D.C.L. ' * 

The Iliad : Part 1. Books i. to vi., is.6d. Part 3. Books xiii. to xviii., is. 6d. 
Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., zs. 6d. 
The Odyssey : Part 1. Books i. to vi., is. 6d. Part 3. Books xiii. to xviii., is. 6d. 
Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., and 
Hymns, 2s. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 

13. Plato's Dialogues: The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. James Davies, M.A. 2s. 

18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 

41. Thucydides : History of the Peloponnesian War. Notes by H. 

Young. Book x. is. 
2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part 1. Books i. to iii., 
is. Part 2. Books iv. to vii., is. 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

duction by Ll. F. W. Jewitt. is. 6d. 

CROSBY LOCKWOOD AND CO., 7, STATIONERS' HALL COURT, E.C* 



London, June % 1876. 

% tftfalope of $to0ks 

INCLUDING MANY 

NEW & STANDARD WORKS 

IN 

ENGINEERING, ARCHITECTURE, 

AGRICULTURE, MATHEMATICS, MECHANICS, 

SCIENCE, &c. &c 

PUBLISHED BY 

CROSBY LOGKWOOD & CO., 

7, STATIONERS'-HALL COURT, LUDGATE HILL, E.C 



erected c 



ENGINEERING, SURVEYING, &c. 

f 

Humberts Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts- -Theoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst, C.E., and M. Inst 
M. E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now rirst appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 4to, price 67. i6>. &/. half- 
bound in morocco. 
" A very valuable contribution to the standard literature of civil engineering."— 
Civil Engineer and Architects Journal. 
*' Mr. Humberts stately volumes lately issued— in which the most important bridges 
icted during the last five years, under the direction of our most eminent engineers, 
t drawn and specified in great detail"— Engineer. 
List of the Plates. 
Frontispiece to Vol. /.—General View of Royal Albert Bridge, Saltash. 
Frontispiece to Vol //.—General View of Taptee Viaduct. 
The Plates contain Elevations, Crosssections, nnd Details of the following Works :— 
FltiUi—7. Rochester Bridge.— 3— 15. Rochester Swing Bridge.— j6—i 7 , Stan- 
dish Bridge.— 18— 33, Westminster Bridge : Elevation,— 14— ao L Victoria Bridge,— 
30—33. Stajnes Bridge. — 33—34- Trent Lane BndzeL— 35, Victoria Bridge (Aus- 
tral 36— 3&- Taptee Viaduct.— 30— 40. Ebro Bridge— 41—45. Jumna Bridge,— 
46—47. Leven Viaduct.— 48— 49. Kent Viaduct— 50— 55. Beelali and Deepdale 
Viaducts — 36— 50, Londonderry Bridge. — 60— 63. Charing Cross Bridge.—* 
64—65. Lerida Bridge — 66. Alcanadre Bridge,— 67. Murillo Bridge.— 68 — 60. Car- 
los Gomes. — 70— 7*, Windsor Bridge.— 73— 77, Shannots Bridge.— 78— St Saltash 
Bridge.— 81—83. Clifton Bridge,— 84— §7- Chelsea Bridge.— 88—91. Lambeth 
Bridge.— 0.2— -ciS. Prague Bridge. The following Seventeen Plates and Diagrams are 
inserted urith. the Text : — Sections of WroughVlron Girders and Bridges — Par*- 
pets of various Bridges— Punching, Shearing, and Riveting Machines— Qiodei 
Diving Cylinder— Milroy's Excavator— Hughes* Method of Sinking Cylinders — 
Bridge Piers on the Bombay, Baroda, and Central India Railway— Curve of Strain 1 
on Victoria Bridge, Australia— Victoria Bridge, Montreal— Staines Bridge— Britannia 
Bridge— Results of Tests on Victoria Bridge, Pi milieu — Proportions of Piers on 
Bombay, Baroda f and Central India Railway— Results of Tests on Jumna Bridge — 
Shannon Bridge 



2 WORKS IN ENGINEERING, SURVEYING, ETC., 

Numbers Modern Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, ote. By William 
Humber, Assoc. Inst C.E., &c Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, C.E., F.R.S., &c Price 3/. 3/. half morocco. 
last of the Plates. 

NAMK AND DESCRIPTION. PLATES. RAMS OP BHG1NEEX . 

Victoria Station and Roof— L. B.& S. C RaiL 1 to 8 Mr. R. Jacomb Hood. CK. 

Southport Pier 9 and xo Mr. James BrtmleesTcS. 

Victoria Station and Roof— L.C.&D.&G.W. ^^ 

Railways xitoisx Mr. John Fowler, CE. 

Roof of Cremorne Music Hall 16 Mr. WUHam Humber, CK. 

Bridge over G. N. Railway 17 Mr. Joseph Cnbitr, CE. 

Roof of Station— Dutch Rhenish Railway .. 18 and 19 Mr. EuschedL CE. 
Bridge over the Thames— West London Ex- 

tension Railway so to 24 Mr. William Baker, CI. 

Armour Plates 25 Mr. James Chalmers, CE. 

Suspension Bridge, Thames 26 to 39 Mr. Peter W. Barlow, CK. 

The Allen Engine 30 Mr. G. T. Porter, M.E. 

Suspension Bridge, Avon 3**033 Mr. John Hawkshaw, CK. 

and W. H. Barlow, CE. 

Underground Railway 34*036 Mr. John Fowler, CS. 

With copious Descriptive Letterpress, Specifications, &c 



" Handsomely lithographed and printed. It will find favour with many -who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering worlcs."— JFstjpNuttr. 

Numbers Modern Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
. ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C.E., M.P., F.R.S., &c Price 3/. y. half morocco, 

List of the Plates. 

NAMK AND DESCRIPTION. PLATES. HAITI OF BRHHHDt. 

Birkenhead Docks, Low Water Basin x to 15 Mr. G. F. Lyster, CK 

Charing Cross Station Roof— C. C. Railway. 16 to x8 Mr. Hawkshaw, CE. 

Digswell Viaduct— Great Northern Railway. 19 Mr. J. Cubitt, C.E. 

Robbery Wood Viaduct— Great N. Railway. 20 Mr. J. Cubitt, C-X. 

Iron Permanent Way. so* — 

Clydach Viaduct— Merthyr, Tredegar, and 

Abergavenny Railway ax Mr. Gardner, CE. 

Ebbw Viaduct ditto ditto ditto as Mr. Gardner, CK. 

College Wood Viaduct— Cornwall Railway . . 33 Mr. Brunei. 

Dublin Winter Palace Roof 24 to s6 Messrs. Onfishft La Feovra. 

Bridge over the Thames— L. C. & D. Railw. 37 to 33 Mr. J. Cubitt. CJC 

Albert Harbour, Greenock 33 to 36 Messrs. Bell & Miller. 

With copious Descriptive Letterpress, Specifications, && 



" A resutni of all the more interesting and important works lately comnlwted m Great 
Britain ; and containing, as it does, carefully executed drawings, with roll wos hiu g 
details, it will be found a valuable accessory to the profession at large.'' \Wngimnr. 

" Mr. Humber has done the profession rood and true service, by the fine collection 
of examples he has here brought before the profession and the poJaic. "--/>««&*/ 
Mechanic? Journal. 
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Number's Modern Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large 
scale, and Photo Portrait of J. R. M 'Clean, Esq., late President 
of the Institution of Civil Engineers. Price 3/. 3*. half morocco. 
List of Plates and Diagrams. 
MAIN DRAINAGE, METROPOLIS, MAIN DRAINAGE, METROPOLIS, 



North Side. 



continued— 



Plate 1. Map showing Intercepdon of Outfall Sewer. Reservoir and Outlet. 
Sewers.— 2 and 3. Middle Level Sewer, pi^ a „d Details.— 23. Outfall Sewer. 

Filth Hoist.— 24. Sections of Sewers 
(North and South Sides). 

THAMES EMBANKMENT. 



Sewer under Regent's Canal ; and Junc- 
tion with Fleet Ditch. — 4, 5, and 6. Out- 
fall Sewer. Bridge over River Lea. 
Elevation # and Details. — 7. Outfall 
Sewer. Bridge over Marsh Lane, North 
Woolwich Railway, and Bow and Barking 

l^tS^^l^JABS^ «*•*» and^Detafls^S. J^din^ 
aewer. cnag e^ver^ cow^a^iang Stau^ between Chaniy Cross_and Water 



Plate 25. Section of River Wall.— 
26 and 27. Steam-boat Pier, Westminster. 



Railway, 
ix and 12. 



iteration and Details.- 
Outfall Sewer. Bridge over 



loo Bridges. -^9. and 30. York Gate. 



East London Waterworks' FeedeF. Ele- *g* Elevation. Side Elevation and 
South Side. 



Pier, Waterloo Bridge. Elevation and 

Details.— 37. Junction of Sewers. Plans 

and Sections — 38. Gullies. Plans and 

Plates 17 and 18. Outfall Sewer. Ber- Sections.— 39. Rolling Stock. —40. Granite 

and Iron Forts. 



mondsey 



branch. — 19, 20, 21, and 22. 

With copious Descriptive Letterpress, &c. 



Humberts Modern Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil Engineers. Price 3/. 3*. half-morocco. 
List of the Plates and Diagrams. 

NAME AMD DESCRIPTION. PLATES. NAME OF ENGINEER. 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis x to 4 Mr. Baz&jgette, C.E. 

Barrow Docks 5 to 9 Messrs. M'Clean&Stillman, 

Manquis Viaduct, Santiago and Valparaiso [C.B. 

Railway xo, xx Mr. W. Loyd, CE. 

Adams' Locomotive, St Helen's Canal Railw. xa, 13 Mr. H. Cross, CE. 

Cannon Street Station Roof 14 to 16 Mr. J. Hawkshaw, CE. 

Road Bridge over the River Moka 17, 18 Mr. H. Wakefield, CE. 

Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siemens. C. E. 
Viaduct over the River Wye, Midland Railw. 20 to 2a Mr. W. H. Barlow, CE. 
St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brunei. CE. 

Wrought-Iron Cylinder lor Diving Bell 95 Mr. J. Coode, CE. 

MfllwaU Docks 26 to 31 Messrs. J. Fowler, C.E., and 

William Wilson, CE. 

Milroy*s Patent Excavator 3a Mr. Milroy, CE. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, and Mr. T. 

M. Johnson, CE. 
Harbours, Ports, and Breakwaters A to c 

With. Copious Descriptive Letterpress, Specifications, <&**. 



4 WORKS IN ENGINEERING, SURVEYING, ETC., 

number's New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humbbr, Assoc Inst 
C.E., and M. Inst M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c Imp. 4to. Illustrated with 50- 
Double Plates, 2 Single Plates, Coloured Frontispiece, and upwards 
of 250 Woodcuts, and containing 400 pages of Text, elegantly and 
substantially half-bound in morocco. Price 67. 6s. 

' The Author of the present work has been very liberally assisted by several 
professional friends who have made this department of engineering their 
special study ', and through the kindness of Messrs. Bateman, Hawksky, 
Homersham, Baldwin Latham, Mansergh, Muir, Quick, Rawlinson, 
Simpson, and others, several works, constructed and in course of construe* 
Hon, from the designs of these gentlemen, are fully illustrated and described* 
Valuable Specifications and Tables will also be found appended. 

List of Contents:— 

I. Historical Sketch of some of the means that have been adopted for the Supply 
of Water to Cities and Towns.— II. Water and the Foreign matter usually asso- 
ciated with it-— III. Rainfall and Evaporation. — IV. Springs and the water- 
bearing formations of various districts.— V. Measurement ana Estimation of the 
Flow of Water.— VI. On the Selection of the Source of Supply.— VIL Wells.— 
VIII. Reservoirs.— IX. Tne Purification of Water.— X. Pumps.— XI. Pumping 
Machinery.— XII. Conduits.— XIII. Distribution of Water.— XIV. Meters, Ser- 
vice Pipes* and House Fittings.— XV. The Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply.— XVII. Description of Plates.— Appen- 
dices, giving Tables of Rates of Supply, Velocities, &c. ftc., together with 
Specifications of several Works illustrated, among which will be found : — Aberdeen, 
Bkleford, Canterbury, Dundee, Halifax, Lambeth, Rotherham, Dublin, and others. 

List of Plates :— 

1. Wells.— 2. Reservoir Dams and Filter Beds. By R. Rawlinson, C.B.— 
3. Bradford and Sheffield Water Works.— 4. Bombay Water Works.— 5. New River 
Company's Filter Beds.— 6. Leicester Water Works' Filter Beds, &c— 7. Covered 
Reservoirs.— 8. Diagrams of Pumping Engines.— 0. Eastbourne Water Works. 
—10. Lambeth Water Works.— xz. Air Vessels and Stand Pipes. — 12. Mains.— 13. 
Dublin Water Works.— 14. Liverpool Water Works. -15. Street Appendages, Hy* 
drauts. Meters, &c.— 16. 17, 18. Bideford Water Works, Reservoir, Filter Beds, ftc 
— xq. Dundee Water Works.— ao. 21, 22, 23. Rotherham Water Works, Sections of 
Embankment, Byewash, Valve Well, Foot Bridge, Filter Beds. ftc. — 04. Port 
Glasgow Water Works.— 25, 26. Manchester Water Works, Sluices, ftc— */, a*, 
so, 30. — Loch Katrine Water Works, Weir, Aqueduct Bridge, InletSluice, 5»w<« 
Stairs, Straining Well, &c— 31, 32.— Halifax Corporation Water Works, Reservoirs, 
Waste Weir, Embankment, &C.-33 34, 35, 36, 37. Aberdeen Water Works, Reser- 
voir, Intake, Embankment, Filters, Cast Iron Aqueduct, High Service Reservoir, 
Culverts, and Overflow Tanks.— 38. Cockermouth Water Works. Reservoirs and 
Filter Beds.— 39. Sunderland Water Works.— 40, 41, 4a, 43. Sunderland Engine 

and Boiler House, Chimney Shaft, Engine Frame, Pumps, «c.— 44. ak. aS. ai7a&. 

Canterbury Water Works. Depositing and Lime Water ReservotrsTt&neral Kan, 
Engine and Boiler House, Well Houses, Service Reservoirs and Filling Pipes, 
Pumps, Emptying Pipes, &c— 40. Dr. Clark's Softening Process. Plans andSecnons 
of Depositing, Lime Water, and Service Reservoirs, &c— 50. Water Towers, Wal- 
lasey, Croydon, Birkenhead.— Coloured Frontispiece, Diagrams, ftc. 



PUBLISHED BY CROSBY LOCKWOOD & CO. 5 

Iron and Steel. 

'IRON AND STEEL': a Work for the Forge, Foundry, 
Factory, and Office. Containing Ready, Useful, and Trustworthy 
Information for Ironmasters and their Stocktakers ; Managers of 
Bar, Rail, Plate, and Sheet Rolling Mills ; Iron and Metal 
Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
and Consulting Engineers ; Architects, Contractors, Builders, and 
Professional Draughtsmen. By Charles Hoare, Author ot 
•The Slide Rule,' &c. Eighth Edition. Revised throughout and 
considerably enlarged. With folding Scales of "Foreign Mea- 
sures compared with the English Foot," and "fixed Scales of 
Squares, Cubes, and Roots, Areas, Decimal Equivalents, &c." 
Oblong, 32mo, leather elastic-band, 6s. V}**st ready. 

"Differing materially, as it does with few exceptions, in its treatment 
of the various processes, .this work also contains a greater amount of 
special information on Iron and Steel Working than can be found in 
any other book. It has a purpose beyond the mere shortening of pro- 
cesses ; the endeavour has been made, it is believed successfully, to furnish 
rules so uniform, brief, and simple, that the actual working of a wide 
range of questions in daily use by Ironmasters, Engineers, S*c, may 
be perfortned in less time, and with less trouble, than is required for 
reference to printed tables. Very little practice and attention to the easy 
instructions and examples given will render any one independent of the 
use of these ready reckoners. 1 * — Extract from Preface. 

" We cordially recommend this book to those engaged in considering the details 

of all kinds of iron and steel works It has been compiled with care and 

accuracy. .... Many useful rules and hints are given for lessening the 
amount of arithmetical labour which is always mdre or less necessary in arranging 
iron and steel work of all kinds, and a great quantity of useful tables for preparing 
estimates of weights, dimensions, strengths of structures, costs of work, &c, will bo 
found in Mr. Hoare s book. — Naval Science. 

Wealds Engineers' Pocket-Book. 

THE ENGINEERS', ARCHITECTS', and CONTRACTORS 

POCKET-BOOK (Lockwood & Co.'s; formerly Wealb's). 

Published Annually. In roan tuck, gilt edges, with 10 Copper* 

Plates and numerous-Woodcuts. Price dr. 
" A vast amount of really valuable matter condensed into the small dimen- 
sions of a book which is, in reality, what it professes to be*-a pocket-book. .... 
We cordially^ recommend the book. — Colliery Guardian. 

" It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions generally."— J//***^ Journal. 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Application. Especially arranged for 
the use of Students and Practical Mechanics, all Mathematical For- 
mula; and Symbols being excluded. By Francis Campin, C.E. 
With numerous Diagrams. i2mo, cloth boards, y. 

"Invaluable to those, who have not been educated in mathematics."— CW/</>y 
Guardian. 
" Remarkably accurate and well written,"-^ A rtuum* 



6 WORKS IN ENGINEERING, SURVEYING, ETC, 

Barlow on the Strength of Materials y enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 

with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c ; and an Appendix on the 
Power of Locomotive Engines, and the effect of ■m»l«MMi plmes 
and Gradients. By Peter Barlow, F.R.8. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S., to which are added Experiments by Hodgklnson, Fair- 
bairn, and Kirkaldy ; an Essay (with Illustrations) on the effect 
produced by passing Weights over Elastic Ban, by the Rev. 
Robert Willis, M.A., F.R.S. And Formulae for c^lmifting 
Girders, &c. The whole arranged and edited by W. Humber, 
Assoc. Inst C.E., Author of " A Complete and Practical Treatise 
on Cast and Wrought-Iron Bridge Construction," &c- &c. Demy 
8vo, 400 pp., with 19 large Plates, and numerous woodcuts, price 
i&V. cloth. 

"The book U undoubtedly worthy of the highest commendsttkn."— Jfmav 
Journal. 

"The best book on tne subject wmctt has yet appeared .... We know of 
no work that so completely fulfils its mituan.~E*fhsA Mechanic. 

" The standard treatise upon this particular subject"— Enginarr. 

Strains, Formula & Diagrams for Calculation of 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formukeand Corre s ponding Diagrams, 
with numerous Details for Practical Application, &c By William 
Humbkr, Assoc. Inst C.E., &c. Second Edition. Fcap. gro, 
with nearly 100 Woodcuts and £ Plates, price *]s. 6dL cloth, 
"The arrangement of the matter in this little volume Is as co n v eni ent as it well 

could be The system of employing diagrams at a substitute tor r— ■ r 1 " 

computations is one justly coming into great favour, and m that r es pec t lac, HmBhsr'i 
volume is fully up to the nmts.** -'EnrmeeriM^. 
" The formulae are neatly expressed, and the diagrams good."— w4 AbwmaK. 
"We heartily commend this really Jkamfy book to our rnjfnocr and architect 
readers."— J?flg7uA Mechanic. 

Mechanical Engineering. 

A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallurgy, Moulding, Castings Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms, By Frances 
Campin, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting 
Machines — Blast, Refining, and Reverberatory Furnace* Steam 
Engines, Governors, Boilers, Locomotives! &c 8vo, cloth, lit. 

Steam Engine. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Being an Extension of Mr. 
John Sewell's Treatise on Steam. By D. Kinnea* Clark, 
C.E., M.I.C.E., Author of 'Railway Machinery/ 'Railway 
Locomotives,' &c, &c With numerous Illustrations, iamo, doth 
boards, 4s. 



style. 



Every essential part of the subject is treated of competently, and m a popular 
V— Iron. 
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Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Sheilds, 
M. Inst C.E. Second Edition, with 5 plates. Royal 8vo, $s. cloth. 
Contents. — Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
lar bracing Loaded at centre ; Ditto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded ; Calculation of the Strains on Girders with triangular 
Basings; Cantilevers; Continuous Girders; Lattice Girders; Girders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow and String 
Girders ; Girders of a form not belonging to any regular figure ; Plate Girders ; Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Character of the Work ; Iron Roofs. 

Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT, Exhibiting the Principles concerned in the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By Jambs Armour, 
C.E. Woodcuts, i2mo, cloth boards, $s. 6d. ; cloth limp, 2s. 6d. 

" A very useful and thoroughly practical little volume, in every way deserving of 
circulation amongst working men." — Mining Journal. 

" No ironworker who wishes to acquaint himself with the principles of his own 
trade can afford to be without it/'— South Durham Mercury. 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c. 
By James Armour, C.E. With 73 Diagrams. i2mo, cloth 
boards, $r. 6d. [Recently published. 

" Numerous illustrations enable the author to convey his meaning as explicitly as 
it is perhaps possible to be conveyed. The value of the theoretic andpractical know- 
ledge imparted cannot well be over estimated. "—Newcastle Weekly Chronicle. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taming Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fourth 
- Edition, revised and much enlarged. i2mo, cloth boards, $s. 6d. 

\Just published. 
" Carefully written, it has the merit of brevity and conciseness, as to less important 
points, while all material matters are very fully and thoroughly entered into."— 
Standard. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c, with the most useful Problems in Geodesy, 
and Practical Astronomy, and Formulae and Tables for FatiUtatuw 
their Calculation. By Lieut-General Frome, R.E., late In- 
spector-General of Fortifications, &c. Fourth Edition, Enlarged, 
thoroughly Revised, and partly Re-written. By Captain Charles 
Warren, R.E., F.G.S. With 19 Plates and 115 Woodcuts, 
royal 8vo, price I dr. cloth. ... 
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Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA 
for finding the Discharge ot Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formula, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.L A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14*. cloth. 

" Undoubtedly an exceedingly useful and elaborate compilation." — Irtm. 

" Will prove alike valuable to students and engineers in practice ; its study will 
prevent the annoyance of avoidable failures, and assist them to select the readiest 
means of successfully carrying out any given work connected with hydraulic en- 
gineering."— Mining Journal. 

Drawing for Engineers, &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Erigineermg 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Third Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4/. 6d. 

" Even accomplished draughtsmen will find in it much that will be of use to the 
A copy of it should be kept for reference in every drawing o&c^ n —£ngvtatring. 

" Indispensable for teachers of engineering drawing.''— Jf*cA<MW»' Magamme* 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 

LEVELLING ; showing its Application to Purposes of Railway 

• and Civil Engineering, in the Construction of Roads ; with air, 

Telford's Rules for the same. By Frederick W. Simms* 

F.G.S., M. Inst C.E. Sixth Edition, verv carerully revised, with 

the addition of Mr. Law's Practical Examples for Setting out 

Railway Curves, and Mr. Trautwine's Field Practice of Laying 

out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 

&. 6d. cloth. * # * Trautwine on Curves, separate, price 5*. 

" One of the most important text-books for die general surveyor, and there is 

scarcely a question connected with levelling for which a solution would be sought but 

that would be satisfactorily answered by consulting the volume."— Mining Jommal. 

" The text-book on levelling in most of our engineering schools and coDeaxs."— 
Engineer. 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of So feet By Joseph Broadbent, C.E., and Francis 
.' Campin, C.E. Cr. 8vo, oblong, 5*. cloth. 

**, Creditable to both the authors and the publishers. . . . The way m which 
accuracy is attained, by a simple division of each cross section into three elements, 
two of which are constant and one variable, is ingenious."— A thcueeum. 
'* Likely to be of corsiderable service to engineers."— Building New*. 
*' Cannot fail to come into general uat. n —Mtning Journal. 

Tunnelling. 

. PRACTICAL TUNNELLING. By F. W. Simms. An entirely 

. new edition, revised and greatly enlarged by D. Kinnear Clark, 

C.E. Imp. 8vo. [In the Press. 
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Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By the late Thomas Tredgold, Mem. 
Inst C.E., Author of " Elementary Principles of Carpentry," &c. 
Fifth Edition, Edited by Eaton Hodgkinson, F.R.S. ; to 
which are added EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAST IRON. 
By the Editor. The whole Illustrated with 9 Engravings and 
numerous Woodcuts. 8vo, 12s. cloth. 

* # * Hodgkinson's Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price 6s. cloth. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst. C.E., &c &c With 28 fine Plates, 
8vo, idr. 6d. cloth. 

" A work like this, which goes thoroughly into the examination of the high-pressure 
engine, die boiler, and its appendages, &c, is exceedingly useful, and deserves a place 
in every scientific library. "--Steam Shifting Chronicle, 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By Robert Wilson, late 
Inspector for the Manchester Steam Users' Association for the 
Prevention of Steam Boiler Explosions, and for the Attainment of 
Economy in the Application of Steam. Third Edition. l2mo, 
cloth boards, 328 pages, price 6s. 
"We regard Mr. Wilson's treatise as the best work on boilers which has come 
under our notice, and we consider that all boiler makers and boiler owners should 
give it a place in their libraries." — Engineering. 
"The best treatise that has ever been published on steam boilers." — Engineer. 
" A valuable contribution to the subject of steam boiler literature. ..... The 

book is full of hints which the proprietor of a steam boiler would find it to his advan- 
tage to know." — Iron and Coal Trades Review. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 

for setting out Curves from 5 to 200 Radius. By Alexander 

Beazelky, M. Inst. C.E. Printed on 48 Cards, and sold in a 

cloth box, waistcoat-pocket size, price 3s. 6d. 

" Each table is printed on a small card, which, being placed on the theodolite, leaves 

the hands free to manipulate die instrument — no small advantage as regards the rapidity 

of work. They are clearly printed, and compactly fitted into a small case for the 

pocket — an arrangement that will recommend them to all practical men." — Engineer. 

" Very handy : a man may know that all his day's work must fall on two of these 

cards, which he puts into his own card-case, and leaves the rest behind."-^ A theneeum. 
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Mining. Suntying and Valuing. 

TKh MJMrAL iTJ/rZYG^ AND VALUER'S COM- 
FLKTL OVJI/E, cr.c::: :--==£ 2 isea^se cc Improved Mining 
.Vrnr^j-:.-.?, v'rji r.*rw ^ r*T*^e Tzzlss : isd Descriptions of Im- 
yr/r+fi \;-?.r-.zzz:.\\ ; al?.o £=. Ex7»:*::v>e cf dse Comet PkiadpJes 
*A I *f.z% '*~* *"-- VL.^ir_j Kiic sad Fore^n Iron andCoal 
Mir,?ttJ i'roj>trJ*s: to vhich is appended M. THOMAN*S (of 
tj** Crviii Mwlitr, Pans; TREATISE on COMPOUND IX- 
TW.hST ar.d ANNUITIES, with LOGARITHMIC TABLES. 
Uy Wj/.uam Lj.vtehn, Mining and Civil Engineer. l2mo, 
%U<,uy\y UjmtA in cloth boards, with four Hates of Diagrams, 
rhrit, ^.c, price 10s. 6d. 
" O/ttiimn i/iti/.li valiuMe information gi\-cn in a small rompam, and which, as lar 

m* w* hav f-rt'A it, i* l\*/r<M%\Ay tnistu-orthy."— /nwr oW Cac/ Trades* Jtetriem. 
" 'lb* wi»iur f ftrraiig'irrjCTjt. and illusuation of this work are all »*irTlfnt i , and make 

:i '^«? '// M»» Utt '/f iu kind- — Standard, 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation ot 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c, &c 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, price 1/. 4s. cloth. 
"We can most heartily commend this book. .... It is really the only English 
work we now have upon the subject.' 7 — Engineering. 

* We strongly recommend the book to the notice of all who are in any way in- 
terested in fires, fire-engines, or fire-brigades. "— Mechanic** Magazine. 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
i2mo. With an Atlas of Plates, containing 235 Illustrations. 4to. 
Together, price gs. cloth boards. 
" Students in the Science of Mining, and not only they .but subordinate officials in 

mines, and even Overmen, Captains, Managers, and viewers may gain practical 

knowledge and useful hints by the study of Mr. Morgans's Manual "•— Colliery 

Guardian. 
"A very valuable work, which will tend materially to improve our mining litera- 

twee.'*— Mining Journal. 

Gas and Gasworks. 

A TREATISE on GASWORKS and the PRACTICE of 
MANUFACTURING and DISTRIBUTING COAL GAS. 
By Samuel Hughes, C.E. Fourth Edition, revised by W. 
Richards, C.E. With 68 Woodcuts, bound in cloth boards, 
i2mo, price \s. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of 
England as influencing Supplies of Water. By Samuel Hughes, 
F.G.S., Civil Engineer. New and enlarged edition, i2mo, cloth 
boards, with numerous Illustrations, price 5-r. 
" One of the most convenient, and at the same time reliable works on a subject, 
the vital importance of which cannot be over-estimated."— Bradford Observer. 

Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Wabington W. Smyth, M.A., F.R.S., &c, Chief Inspector 
of the Mines of the Crown and of the Duchy of Cornwall. New 
edition, revised and corrected. i2mo, cloth boards, with nume- 
rous Illustrations, price 4s. 6d. 
" Every portion of the volume appears to have been prepared with much care, and 
as an outline is given of every known coal-field in this and other countries, as well as 
of the two principal methods of working, the book will doubtless interest a very 
large number of readers." — Mining Journal. 

,? Certainly experimental skill and rule-of-thumb practice would be greatly en- 
riched by the addition of the theoretical knowledge and scientific information which 
Mr. Warington Smyth communicates in combination with the results of his own ex- 
perience and personal research."— Colliery Guardian. 
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Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. DavIs Haskoll, Civil 
Engineer. Third Edition, much enlarged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep, cal- 
culated for every 6 inches in depth. With numerous wood-cuts, 
i2mo, price 12s. doth. 

"A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate the importance of such a work 
and the amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fulness of those given in this volumc w — Rail- 
way News. 

" The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existing all the same."—Atnen&um. 

" The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.''— Mining 
Journal. 

" We strongly recommend Mr. HaskoITs ' Field Book' to all classes of surveyors." 
—Colliery Guardian, 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
- numerous Diagrams. i8mo, 2j. 6d. cloth. 



* As a really handy book for reference, we know of no work equal to it ; anil die 
Iway engineers and others employed in the measurement and calculation of earth 
work will find a great amount of practical information very admirably arranged, and 



available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS : A 
Treatise on Maritime Engineering. By Thomas Stevenson, 
F.R.S.E., F.G.S., M.I.C.E. Second Edition, containing many 
additional subjects, and otherwise generally extended and revised. 
With 20 Plates and numerous Cuts. Small 4to, 15/. cloth. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, M. Inst. 
C.E., Author of " Practical Tunnelling," Sec Third Edition, with 
numerous Cuts. i2mo, price 3/. 6d. cloth. 
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-Bridge Construction in Masonry, Timber, & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. lis. 6d. 
half-morocco. 
" One of the very few works extant descending to the level of ordinary routine, and 
treating on the common every-day practice of the railway engineer. ... A work of 
the present nature by a man of Mr. Haskoll's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
? its value." — Engineering. 

Mathematical Instruments, their Construction, &c. 

MATHEMATICAL INSTRUMENTS : their CONSTRUC- 
TION, ADJUSTMENT, TESTING, AND USE; comprising 
Drawing, Measuring, Optical, Surveying, and Astronomical Instru- 
ments. By J. F. Heather, M.A., Author of " Practical 'Plane 
Geometry," "Descriptive Geometry," &c Enlarged Edition, for 
the most part entirely rewritten. With numerous Wood-cuts. 
i2mo, cloth boards, price 5;. 

•Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price &r. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, 12s. cloth. 

** The standard text-book for all engineers regarding skew arches, is Mr. Buck's 
treatise, and it would be impossible to consult a better." — Engineer. 

Pocket-Book for Marine Engineers. 

A POCKET BOOK FOR MARINE ENGINEERS. Con- 
taining useful Rules and Formulae in a compact form. By Frank 
Proctor, A.I.N.A. Second Edition, revised and enlarged. 
Royal 32mo, leather, gilt edges, with strap, price 4s. 
"We recommend it to our readers as going far to supply a long-felt want."— 
Naval Science. 
"A most useful companion to all marine engineers." — United Service Gazette. 
" Scarcely anything required by a naval engineer appears to have been for- 
gotten. — Iron. 

" A very valuable publication ... a means of saving much time and labour."— 
New York Monthly Record. 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 
Fourth Edition, enlarged and revised by Robert Hunt, F.R.S., 
Keeper of Mining Records, Editor of " Ure's Dictionary of Arts," 
&c i2mo, cloth boards, price 6x. 
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Grantham 9 s Iran Ship-Building, enlarged. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including die latest Examples. Together 
with separate Text, i2mo, cloth limp, also considerably enlarged. 
By John Grantham, M. Inst C.E., &c Price 2/. 2x. complete. 



Description of Plates* 



t. Hollow and Bar Keels, Stem and 

Stern Posts. [Pieces. 

a. Side Frames, Floorings, and Bilge 

3. Floorings continued— Keelsons, Deck 

Beams, Gunwales, and Stringers. 

4. Gunwales continued— Lower Becks, 

and Orlop Beams. 
40. Gunwales and Deck Beam Iron. 

5. Angle-Iron, T Iron, Z Iron, Bulb 

Iron, as Rolled for Building. 

6. Rivets, shown in section, natural sue ; 

Flush and Lapped Joints, with 
Single and Double Riveting. 

7. Plating, three plans ; Bulkheads and 

Mooes of Securing them. 

8. Iron Masts, with Longitudinal and 

Transverse Sections. 

die Frames in Iron Ship Building, 
Levelling Plates. 

10. Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

zx. Midship Sections of Three Vessels. 

xs. Large Vessel, showing Details — Fore 
End in Section, and End View, 
with Stern Post, Crutches, &c 

13. Large PVj**/,showing Details— After 

End in Section, with End View, 
Stern Frame for Screw, and Rudder. 

14. Large Vessel, showing Details— Mid- 

shifi Section^, half breadth. 

if. Machines for Punching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 

15a. Beam-Bending Machine, Indepen- 
dent Shearing, Punching and Angle- 
Iron Machine. 



tjb. Double Lever Punching and Shearing 
Machine, arranged for cutting: 
Angle and T Iron, with Dividing 
Table and Engine. 

z& Machines.— Garforth's Riveting Ma- 
chine, Drilling and Counter-Sinking, 
Machine. 

16a. Plate Planing Machine. 

17. Air Furnace for Heating Plates and 

Angle-Iron: Various Tools used in 
Riveting and Plating. 

18. Gunwale ; Keel and Flooring ; Plan 

for Sheathing with Copper. 

x&s. Grantham's Improved Plan of Sheath- 
ing Iron Ships with Copper. 

xo> Illustrations of the Magnetic Condi- 
tion of various Iron Ships. 

90. Gray's Floating Compass and Bin- 
nacle, with Adjusting Magnets, &c 

ax. Corroded Iron Bolt in Frame of 
Wooden Ship ; Jointing Plates. 

22-4. Great Eastern — Longitudinal Sec- 
tions and Half-breadth Plans— Mid- 
ship Section, with Details— Section, 
in Engine Room, and Paddle Boxes, 

35-6. Paddle Steam Vessel of Steel. 

37. Scarirvugh— Paddle Vessel of SteeL 

28-9. Proposed Passenger Steamer. 

30. Persian Iron Screw Steamer. 

31. Midship Section of H.M. Steam 

Frigate, Warrior. 
33. Midship Section of H.M. Steam. 
Frigate, Hercules. 

33. Stem, Stem, and Rudder of H.M. 

Steam Frigate, Bellerophon. 

34. Midship Section of H.M. Troop Ship, 
SeraOis. 

Iron Floating Dock. 



35- 



" A thoroughly practical work, and every question of the many in relation to iron 
shipping which admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated with sober and impartial wisdom and good 



As good a volume for the instruction of the" pupil or student of iron naval 
architecture as can be found in any language."— Practical Mechanics* Journal. 



'A very elaborate work. 



It forms a most valuable addition to the history 



of iron shipbuilding, while its having been prepared by one who has made the subject 
his study for many years, and whose qualifications have been repeatedly recognised, 
will recommend it as one of practical utility to all interested in shipbuilding."— ^4 rw»y 
and Navy Gazette. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. Second Edition. i2mo. 
Sewed, 6d. 

N. B. — This little work should be in the hands of every person 
having to deal with a Steam Enoirn of any kind, 
" If steam-users would but learn this little book by heart, and then hand it to 
their stokers to do the same, and see that the latter do it, boiler explosions would 
become sensations by their rarity."— Engli**. Mechanic. 



PUBLISHED BY CROSBY LOCKWOOD & CO. 15 

ARCHITECTURE, &C. 

Construction. 

THE SCIENCE of BUILDING: An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. Illustrated with 47 Wood Engravings. Demy 8vo, 
price &r. 6d. cloth. 
" A very valuable book, which we strongly recommend to all students."— Builder. 
" The treatise does credit alike to the author and the publisher."— Engineer. 
" No architectural student should he without this hand-book." — Architect 
"The book is very far from being a mere compilation ; it is an able digest of 
Information which is only to be found scattered through various works, and contains 
more really original writing than many putting forth far stronger claims to originality." 
'—Engineering. 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of 'Quantities and 
Measurements.' 33 Woodcuts. Leather. Waistcoat-pocket size. 2s. 

Beaton's Builders' and Surveyors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, with a Treatise on the Measurement of 
Timbers, and Complete Specifications for Houses, Roads, and 
Drains. By A. C. Beaton, Author of * Quantities and Measure- 
ments.' With 19 Woodcuts. Leather. Waistcoat-pocket size. 2x. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of 
England," &c First Series, consisting of 30 Plates; Second 
Series, 31 Plates. Complete in 1 vol. 4to, price 2/. ior. half 
morocco. Either Series separate, price 1/. Js. each, half morocco. 
" The whole of the designs bear evidence of their being the work of an artistic 

architect, and they will prove very valuable and suggestive to architects, students, and 

amateurs.*' — Building Newt. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of, containing full infor- 
mation on the Processes of House Painting in Oil and Distemper, 
the Formation of Letters and Practice of Sign Writing, the Prin- 
ciples of Decorative Art, a Course of Elementary Drawing for 
House Painters, Writers, &c, and a Collection of Useful Receipts. 
With 9 Coloured Plates of Woods and Marbles, and nearly 150 
Wood Engravings. By Ellis A. Davidson, Author of ' Build- 
ing Construction,' 'Drawing for Carpenters,' &c. i2mo, 6s. cloth 
boards. 
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- 

Architecture, Ancient and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modern. 
Consisting of VITRUVIUS, translated by JOSEPH GWILT,. 
F.S.A., &c, with 23 fine copper plates; GRECIAN Archi- 
tecture, by the Earl of Aberdeen ; the ORDERS of 
Architecture, by W. H. Leeds, Esq. ; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury; The- 
PRINCIPLES of DESIGN in Architecture, by E. L. GarBett. 
In one volume, half-bound (pp. 1,100), copiously illustrated, I2x. 
*»* Sold separately, in two vols., 0* follows— - 

ANCIENT ARCHITECTURE. Containing Gwilt's Vitrovius. 
and Aberdeen's Grecian Architecture. Price 6s. half -bound. 

N.B.— This is the only edition of VITRUVIUS procurable at a- 
moderate price. 

MODERN ARCHITECTURE. Containing the Orders, by Leeds \. 
The Styles, by Bury ; and Design, by Garbett 6>. half-bound. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
wick, Architect, Author of " The Palace of Architecture, w &c &c 
New Edition, revised and enlarged. By G. Huskisson Guil- 
laume, Architect. Numerous illustrations. i2mo, cloth boards, 4*. 
" Will be found an acquisition to pupils, and a copy ought to be considered as • 
necessary a purchase as a box of instruments." — Architect. 

" This is a book which every young architect ought to study, and, as far as pos- 
sible, learn by heart, for it contains nothing which one would wish to forget." — 
British Architect. 

" Contains a large amount of information, which young architects will do well to 
acquire, if they wish to succeed in the everyday work of their profession.— English 
Mechanic. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE. 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a " Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, Js. 6d. boards. 
Contents.— I. Practical Rules on Drawing— Outlines. II. Ditto— the Grecian 
and Roman Orders. III. Practical Rules on Drawing— Perspective. IV. Practical* 
Rules on Light and Shade. V. Practical Rules on Colour, &c &c. 

Cottages, Villas, and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies of several eminent. 
Architects and Builders 5 consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each- 
Itl 4to, with 67 plates, price 1/. is. cloth. 

Builders Price Book. 

LOCK WOOD & CO.'S BUILDER'S AND CONTRACTOR'S- 
PRICE BOOK— with which is incorporated Atchley's, and por- 
tions of the late G. R. Burnell's Builders' Price Books— for 1876, 
containing the latest prices of all kinds of Builders' Materials and 
Labour, and of all Trades connected with Building, &c, &c. 
The whole revised and edited by Francis T. W. Miller, Archi- 
tect and Surveyor. Fcap. 8vo, strongly half-bound, price 4s. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &a, &c By Professor 
Tjhomas L. Donaldson, University College, London, M.I.B.A. 
With A Review of the Law of Contracts, and of the Respon- 
sibilities of Architects, Engineers, and Builders. By W. Cun- 
ningham Glen, of the Middle Temple. 2 vols., 8vo, with, 
upwards of 1 100 pp. of text, and 33 Lithographic Plates, clothe 
2/. 2* (Published at 4/.) 
" In these two volumes of 1,100 pages (together), forty-four specifications of executed* 
works are given, including the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. 
Donaldson's Handbook of Specifications must be bought by aft architects."— Builder. 

Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., F.R.I.B.A., and Edward 
Cresy, Esq. New Edition, thoroughly revised, and supplemented 
by the most recent accessions to the topography and archaeology of 
that city. Completed under the editorial care of the Rev. Alex- 
ander Taylor, M.A. (son of the late G. L. Taylor, Esq.),. 
Fellow of Queen's College, Oxford, and Chaplain of Gray's Inn- 
This is the only book which gives on a large scale, and with the 
precision of architectural measurement, the principal Monuments 
of Ancient Rome in plan, elevation, and detail. Large folio, with 
130 Plates, half-bound, price 3/. y, 
%* Originally published in two volumes, folio, at 18/. I&f. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE :. 

A Guide to the Architect, Engineer, Surveyor, and Builder ; with 

an Essay on the Structure and Science of Modern Buildings. By 

Frederick Rogers, Architect. With numerous Illustrations. 

Demy 8vo, price 15J., cloth. (Published at 1/. lev.) 

\* A volumeof specifications of a practical character being greatly required, and the- 

old standard work of Alfred Bartholomew being out of print, the author, on the basis- 

of that work, has produced the above. Some of the specifications he has so altered 

as to bring in the now universal use of concrete, the improvements in drainage, th& 

use of iron, glass, asphalte, and other material. ( He has also inserted specifications 

of works that have been erected in his own practice. 

The House-Owner's Estimator. 

THE HOUSE-OWNER'S ESTIMATOR; or, What will it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited and Revised by Francis T. W. Miller, Surveyor. With 
numerous Illustrations. Second Edition, with the prices carefully 
revised to 1875. Crown 8vo, cloth, price y. 6d. 

*' In two years it will repay its cost a hundred times over." — Field. 

" A very handy book for those who want to know what a house will cost to build,, 
alter, or repair."— English Mechanic. 

" Especially valuable to non-professional readers.— Mining Journal. 
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CARPENTRY, TIMBER, &c. 

♦ 

Tredgolds Carpentry, new, enlarged, and cheaper 
Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 

a Treatise on the Pressure and Equfibriam of Timber Frnnriug, the 
Resistance of Timber, and the Con d uc tio n of Floats, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, Ac. To which 
is added an Essay on the Nature and Properties of Timber Ac, 
wfch DeschpdoDs of the Kinds of Wood used m ln»iM5-g . a | so 
inuneroas Tables of the S cantHn gs of Timber liar d ifitimt purposes, 
the Spedfic Gravities of Materials, Ax. By Thomas TkKDQQLD, 
CL Edited by Peter Barlow, FJLS. Fifth Edition, cor- 
rected and eniamd. With 64 Plates (11 of which now fiat appear 
in this erfrtkm). Portrait of the Author, and seven! Woodcuts, m 
I toL, 41a. pabushed at ll. **., reduced to \L $r. 9 doth. 
m 'Twmdgc&e% Carpentry' ooght to be m nay 
Ebrarr, and chase vbo da not already | 

-A «vk 





. esenred, 00= W the sorer^ =-*-■ =-- " ■"IV* 

cfpracxessire science. The adfibaoal p£xxes a 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE. By Richard E. 
Grandt. Comprising : — An Analysis of Deal Standasnls, Home 
and Foreign, with comparative Values and Tabular Anaaavements 
for Fixing Nett Landed Cost on Baltic and North rtnaniian Deals, 
including) all intermediate Expens es, Freight, TiunnuuMi., not, Ac ; 
together with Copious Information for the ^***%t mud Builder. 
Second Edition. Carefbihr revised and corrected. ttnwjL price 
y. 6JL doth. ^ 

"Ererythiiigit pretends to be: boxk «» f^n&aalry. k leom one finan m s«if»» 

treenail, and throws in, as a makewewhf, a host of nnfierialcee 

astern, Ac.— all that the dass to vnom it appeals requires.* 
''TheonljdfficsItTvehaTeisastowhat is mot in use 

of die contents, taken at random, is inraxiablrcorrecL**— /2 

Tables far Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. Compiled by William Richardson, Accountant, 
Ob long 4to, cloth, price y. 6d. 

"WiD save »"r^ labour and calcnlation to packing-case i 
packing-cases.**-- Gvwcer. ** Invaluable lahoonsaV 

Nicholsons Carpenters Guide. 

THE CARPENTER'S NEW GUIDE; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Fditi^ ievised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Ptnr. With 74 Plates, 4*0, \L ij. doth, 
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Dowsing f s Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant Second Edition. Crown 8vo, y. cloth. 
"Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and b uilder ought to possess \X. n ~Hull Advertiser. 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrpkers, 
Builders, and all Dealers in Wood whatsoever. By. William 
Richardson, Timber Broker, author of " Packing Case Tables," 
&c. Crown 8vo, cloth, price dr. 

MEC HANICS , &c. 

Hortoris Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c, &c ; Unequal-sided, Square-sided, 
Octagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective SDecies of 
trees, and proper deductions for the waste in hewing the trees, 
&c ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. Compiled for the 
accommodation of Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. 
Second edition, with considerable and valuable additions, i2mo, 
strongly bound in leather, £;. 
"The office of the architect, engineer, building surveyor, or land agent that is 

without this excellent and useful work cannot truly be considered perfect in its 

funushing.''--/wA Builder* 



We have used the improved and other tables in this volume, and have not 
observed any unfairness or inaccuracy." — Builder. 

"The tables we have tested are accurate To the builder and estate 

agents this work will be most acceptable."— British Architect. 

"Not only are the best methods of measurement shown, and in some instances 
illustrated by means of woodcuts, but the erroneous systems pursued by dishonest 
dealers are fully exposed The work must be considered to be a valuable addi- 
tion to every gardener's library.— Garden. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by 1 to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c. By JAMES HAW- 
kings. Fcp. 3J. 6V. cloth. 
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Mechanics Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of "The Engineer's, Millwright's, and Machinist's Practical As- 
sistant" Eleventh Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, $s. bound. 

" As a text-book of reference, in which mechanical and commercial demands are 
judiciously met, Tkmplbton's Companion stands unrivalled." — Mechanics* Magmsin*. 

" Admirably adapted to the wants of a very large class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this little work."— Burning News, 

Engineers Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINISTS 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton. 5th Edition. i8mo, 2s. 6d. cloth. 

" So much varied information compressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With die utmost confidence we commend this book 
to the attention of our readers,.— Mechanic? Magazine. 

" Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made." 
'—Building News. 

Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, ior. 6d. cloth. 

" This useful book should be in every architect's and builder's office. It contains 
a vast amount of information absolutely necessary to be known. "—The Irish Builder. 

" We have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hanging, that is not fully treated upon in this valuable 
work."— The Artisan. 

" Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodying a large amount of information relating to 
the technicalities and modes of construction employed in the several branches of the 
building trade."— Colliery Guardian. 

" Altogether the book is one which well fulfils the promise of its tide-page, and we 
.can thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students."— Engineering. 
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MATHEMATICS, &c. 

> 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEM ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
lor the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL.D., F.R. A.S. Enlarged by Henry Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College ; Author of " A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, \l. is. cloth. 
"" As a standard work on mathematics it has not been excelled." — Artizan. 
' " The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that may arise in his practice. The rules are in all casess 
explained by means of examples, in which every step of the process is clearly worked 
out." — Builder. 

" One of the most serviceable books to the practical mechanics of die country. 
...... In the edition just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 
paragraphs here and there, and corrected the. numerous typographical errors which 
have escaped the eyes of the former Editor. The book a now as complete as it is 
possible to make it. It is an instructive book for the .student, and a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them." — Building News. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
Dowling, C. E. Second Edition, revised and enlarged. 8vo, 
lOf. 6d. strongly bound. 
" Mr. Dowling's Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other." — Athetueum. 

" Their accuracy has been certified by Professor Airy, the Astronomer- Royal "— 
Builder. 

" Resolution 8.— That advantage will be derived from the recent publication of 
Metric Tables, by C H. Dowling, C.E."— Report of Section F, British Association, 
Bath. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from 1 Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henry" Harben, Accountant, Sheffield, Author 
of 'The Discount Guide.' An entirely New Edition, carefully 
revised. Royal 8vo, strongly half-bound, 30J. [Just Published. 
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Inwood s Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c, and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William Inwood, Architect The 20th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. F&dor Thoman, of the Sodetc' 
Credit Mobilier of Paris, iimo, &r. cloth. 

%* This edition (the 20th) differs in many important particulars 
from firmer ones. The changes consist, first, in a more convenient 
and systematic arrangement 0/ the original Tables, and in the removal 
0/ certain numerical errors which a very careful revision of the whole 
has enabled the present editor to discover; and secondly, in the 
extension of practical utility conferred on the work by the introduction 
of Tables now inserted for the first time. This new and important 
matter is all so much actually added to Inwood's Tables ; nothing 
has been abstracted from the original collection: so that those who have 
been long in the habit of consulting Inwood for any special profes- 
sional purpose will, as heretofore, find the information sought stul in 
its pages. 

" Those interested In the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insnrancrn, ftc., will 
find the present edition of eminent service."— 1 Engwetrmg. 

Geometry for the Architect, Engineer, &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic; giving Rules for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of " The Science of Building," &c 
With 164 Illustrations. Demy 8vo. 12s. 6d. 

" No book with the same objects in view has ever been published in which the 
clearness of the rules laid down and the illustrative diagrams have been so satis- 
factory." — Scotsman. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c, in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By F6dor Thoman, of the Societe CreMit Mobilier, 
Paris. i2mo, cloth, $s. 

" A very powerful work, and the Author has a very remarkable command of his 
subject."— Professor A. do Morgan. 
" We recommend it to the notice of actuaries and accountants."--^ Mtfmvwa*. 
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SCIENCE AND ART. 



The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
cloth boards, and lettered, price 4/. iar. 

"A compendious encyclopaedia of military knowledge."— Edinburgh h Review. 
" The most comprehensive work of reference to the military and collateral sciences." 
—Volunteer Service Gazette. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, price I2r. complete. 

Field Fortification. 

HANDBOOK OF FIELD FORTIFICATIQW, intended for 
the Guidance of Officers preparing for Promotion, and especially 
adapted to the requirements of Beginners. By Major W. W. 
Knollys, F.R.G.S., 93rd Sutherland Highlanders, &c. With 
163 Woodcuts. . Crown 8vo, 3J. 6d. cloth. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. With Coloured Plates and numerous 
Wood Engravings. Crown 8vo, 12s. 6d. cloth boards. 

Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S. A Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2 if. cloth. 

Djye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 

Properties, Applications, Valuation, Impurities, and Sophistications. 

For the Use of Dyers, Printers, Dry Salters, Brokers, &c By J. 

W. Slater. Post 8vo, cloth, price p. 6d. 
"A complete encyclopaedia of the materia HncUria. The information given 
respecting each article is full and precise, and the methods of determining the value 
cf articles such as these, so liable to sophistication, are given with clearness, and are 
practical as well as valuable. M — Chemist and Druggist, 
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Electricity. 

A MANUAL of ELECTRICITY; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magno- Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Lecturer on Chemistry at St George's Hospital. Fourth Edition, 
entirely rewritten. Illustrated by 500 Woodcuts. 8vo, i/. 4s. cloth. 
" The commendations already bestowed in the pases of the Lancet on the former 
editions of this work are more than ever merited by the present. The accounts given 
of electricity and galvanism are not only complete in a scientific sense, but, which is a 
rarer thing, are popular and interesting. "—Lancet. 

Text- Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., Lecturer on Chemistry at St George's 
Hospital. New Edition, revised and enlarged, with additions on 
Telegraphy, by G. E. Preece, Esq. Upwards of 400 Illustrations. 

\In Preparation. 

Rudimentary Magnetism. 

RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph.D. With 165 Woodcuts. l2mo, cloth, 4s. 6d. 
" There is a good index, and this volume of 413 pages may be considered the best 
possible manual on the subject of magnetism. " — Mechanic* Magazine. 

*' As concise and lucid an exposition of the phenomena of magnetism as we believe 
it is possible to write. "—English Mechanic. 

" Not only will the scientific student find this volume an invaluable book of refer- 
ence, but the general reader will find in it as much to interest as to inform his mind. 
Though a strictly scientific work, its subject is handled in a simple and readable 
style.™ —Illustrated Review. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of " Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." New Edition. Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, izr. 6d. cloth. \Just ready. 
"We recommend this book to the careful perusal of every one ; it may be truly 

affirmed to be of universal interest, and we strongly recommend it to J 

guide, alike indispensable to the housewife as to the pharmaceutical 
Medical Times. 

"Will be found to be essential to the analysts appointed under the new Act • . . 
In all cases the most recent results are given, and the work is well edited and care- 
fully written." — Nature. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S. F.G.S. With numer- 
ous Plates and 300 Woodcuts. Third Edition. Crown 8vo, 7*. 67£ 
cloth gilt. 



our readers as a 
practitioner. "— 
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Clocks > Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., Q.C., F.R.A.S., Author of " Astronomy with- 
out Mathematics," &c. Sixth edition, thoroughly revised and 
enlarged, with numerous Illustrations. Limp cloth (No. 67, 
Weale's Series), 4*. 6d.; cloth boards, 5-r. 6d. 

"Asa popular, and, at the same time, practical treatise on clocks and bells, it is 
unapproached." — English Mechanic. 

'• The best work on the subject probably extant , . . So far as we know it has 
no competitor worthy of the name. The treatise on bells is undoubtedly the best in 
the language. It shows that the author has contributed very much to their modern 
improvement, if indeed he has not revived this art, which was decaying here . . . 
To call it a rudimentary treatise is a misnomer, at least as respects clocks and bells. 
It is something more. It is the most important work of its kind in English."— 
Engineering. 

"The only modern treatise on clock-making." — Horological Journal. 

"Without having any special interest in the subject, and even without possessing 
any general aptitude for mechanical studies, a reader must be very unintelligent who 
cannot find matter to engage his attention in this work. The little book now 
revised and enlarged, being one of the most praiseworthy volumes in 



Weale's admirable scientific and educational series." — Daily Telegraph. 

"We do not know whether to wonder most at the extraordinary cheapness of this 
admirable treatise on clocks, by the most able authority on such a subject, or the 
thorough completeness of his work even to the minutest details. The chapter on bells is 
singular and amusing, and will be a real treat even to the uninitiated general reader. 
The illustrations, notes, and indices, make the work completely perfect of its kind." — 
Standard, 

"There is probably no book in the English language on a technical subject so 
easy to read, and to read through, as the treatise on docks, watches, and bells, 
written by the eminent Parliamentary Counsel, Mr. E. B. Denison— now Sir Edmund 
Beckett, Bart."— Architect 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— 1. 
Alleged Discrepancies; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
views of Dr. Colenso : The Supernaturally Impossible ; 6. The 
Age of the Fixed Stars— their Distances and Masses. By Professor 
J. R. Young, Author of "A Course of Elementary Mathematics," 
&c &c. Fcap. 8vo, price 5 j. cloth lettered. 

*' Professor Young's examination of the early verses of Genesis, in connection with 
«modern scientific hypotheses, is excellent w — English Churchman, 

" Distinguished by the true spirit of scientific inquiry, by great knowledge, by keen 
• logical ability, and by a style peculiarly clear, easy, and energetic."— Ntmcenftrmist. 

** No one can rise from its perusal without being impressed with a sense of die sin- 
: gular weakness of modem scepticism."— A^rtr* Magazine. 

«* A valuable contribution to controversial theological literature."— City Press, 

JPractical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. BytheRer. 
John Car*, M. A., late Fellow of Trin, Coll., Cambridge. Second 
Edition. i8mo, £r. cloth. 
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Dr. LardneSs Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
Dionysius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy inUniversityCoUege,London. Contents r 
The Planets ; are they inhabited Worlds?— Weather Prognostics- 
Popular Fallacies in Questions of Physical Science — Latitudes and 
Longitudes — Lunar Influences — Meteoric Stones and Shooting 
Stars — Railway Accidents — Light — Common Things: Air — 
Locomotion in the United States — Cometary Influences — Common 
Things: Water— The Potter's Art— Common Things: Fire- 
Locomotion and Transport, their Influence and Progress — The 
Moon — Common Things : the Earth — The Electric Telegraph — 
Terrestrial Heat — The Sun — Earthquakes and Volcanoes — Baro- 
meter, Safety Lamp, and Whitworth's Mkrometric Apparatus — 
Steam— The Steam Engine— The Eye— The Atmosphere— Time 
—Common Things : Pumps — Common Things : Spectacles, the 
Kaleidoscope— Clocks and Watches— Microscopic Drawing and 
Engraving — Locomotive — Thermometer— New Planets : Lever- 
rier and Adams's Planet — Magnitude and Minuteness — Common 
Things : the Almanack — Optical Images — How to observe the 
Heavens — Common Things : the Looking-glass — Stellar Universe 
— The Tides — Colour — Common Things: Man — Magnifying 
Glasses — Instinct and Intelligence — The Solar Microscope — The 
Camera Lucida — The Magic Lantern — The Camera Obscure — 
The Microscope — The White Ants : their Manners and Habits — 
The Surface of the Earth, or First Notions of Geography— Science 
and Poetry — The Bee — Steam Navigation — Electro-Motive 
Power— Thunder, Lightning, and the Aurora Borealis — The 
Printing Press— The Crust of the Earth— Comets— The Stereo- 
scope — The Pre-Adamite Earth — Eclipses — Sound. With up- 
wards of 1200 Engravings on Wood. In 6 Double Volumes, 
handsomely bound in cloth, gilt, price £i is. 

" The ' Museum of Science and Art* is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of sodety. H — Sir David 
Brewster tn the North British Review. 

"Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must eapre ss our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable j>reseat."—£xammer. 

*•* Separate boohs formed from the above, suitable fir Workmen's 
Libraries, Science Classes, &e. 

Common Things Explained. With 233 Illustrations, 5*. doth. 
The Electeic Telegraph Popularized. 100 Illustrations, u.&£ cloth. 
The Microscope. With 147 Illustrations, 2s. cloth. 
Popular Geology. With 201 Illustrations, zs. 6d. cloth. 
Popular Physics. With 85 Illustrations. 2s. 6d. doth. 
Popular Astronomy. With 182 Illustrations, 4*. 6d. doth. 
Steam and its Uses. With 89 Illustrations, 2x. doth. 
The Bee and White Ants. With 135 Illustrations, doth, a* 
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DR. LARDNER'S SCIENTIFIC HANDBOOKS. 



Optu 



Astronomy. 

THE HANDBOOK OF ASTRONOMY. By Dionysius 
Lardner, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. Fourth Edition. Re- 
vised and Edited by Edwin Dunkin, F.R.A.S., Superintendent 
of the Altazimuth Department, Royal Observatory, Greenwich. 
With 38 plates and upwards of 100 Woodcuts. In one thick voL, 
Crown 8vo, price gs. 6d. cloth. 

"Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
•offered." — Athenawm, April 8, 1876. 

"' A trustworthy and valuable guide to the study of astronomy.**— English Mechanic. 

tics. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. Lond., of University College, London. 
With 298 Illustrations. Small 8vo, cloth, 448 pages, price 5*. 

Electricity. 

THE HANDBOOK of ELECTRICITY, MAGNETISM, and 
ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 
B.A., F.C.S. With 400 Illustrations. Small 8vo, cloth, price 5s. 

" The book could not have been entrusted to any one better calculated to preserve 
.the terse and lucid style of Lardner. while correcting his errors and bringing up his 
work to the present state of scientific knowledge."— Popular Science Review* 

Mechanics. 

THE HANDBOOK OF MECHANICS. Revised and en- 
larged by B. Loewy, F.R.A.S. \ReprinUng. 

Hydrostatics. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With numerous Illustrations. $*. \Just published. 

Heat. 

THE HANDBOOK OF HEAT. New Edition, Re-written and 
Enlarged. By Benjamin Loewy, F.R. A. S. [Nearly Ready. 

Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. With 520 
Illustrations. New edition, small 8vo, cloth, p. 6d. 732 pages. 

Electric Telegraph. 

THE ELECTRIC TELEGRAPH. New Edition. Revised 
and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. 
Small 8vo, 2s. 6d. cloth. 
41 One of the most readable books extant on the Electric Telegraph."— B ug. Mechanic. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 
328 Illustrations. Fifth Edition. 1 voL 3s. 6d. cloth. 
" Conveys, in dear and precise terms, general notions of all the principal divisions 
•of Physical Science."— British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 

With IQO Illustrations. Second. Edition. 1 vol. 3*. 6d. doth. 

"Clearly written, well arranged, and excellently illustrated. "-^an^Awrr'C*!^^**. 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor Ls Vaux. With numerous Illustrations. 
Fcap. 8vo, price £r. cloth. 
44 We can recommend Mr. Le Vaux as an able and iute i ea tin g guide to a popular 
appreciation of geological science. "— Spectator. 

''The author combines an unbounded admiration of science with an unbounded 
admiration of the Written Record."— Lenden Review. 

Geology, Physical. 

PHYSICAL GEOLOGY. (Partly based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tate, AJLS., 
F.G.S. Numerous Woodcuts, izmo, zs. 

Geology, Historical. 

HISTORICAL GEOLOGY. (Partly based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tats, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, zs. 6d. 

\* Or Physical and Historical Geology, bound in One 
Volume, price $s. 

Wood-Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price 2s. 6a\ 
" The handicraft of die wood-carver, so well as a book can impart it, maybe learnt 
from ' A Lady's ' publication."— •Atketutum. 
" A real practical guide. It is very complete. "—Literary Churchman, 
" The directions given are plain and easily understood, and it forms a very good 
introduction to the practical part of the carver's act."— English M e c ha nic . 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 

Sketches of the Progress of the Art By Thomas John Gullick, 

Painter, and John Timbs, F.S.A. Second Edition, revised and 

enlarged. With Frontispiece and Vignette. In small 8vo, dr. cloth. 

V This Work has been adopted as a Prize-book in the Schools of 

Art at South Kensington. 

" A work that may be advantageously consulted. Much may be learned, eveir by 

those who fancy they do not require to be taught, from the carefkl perusal of this 

unpretending but comprehensive treatise. "— Art journal, 

" A valuable book, which supplies a want It contains a large amount of original 
matter, agreeably conveyed, and will be found of value, as well by the young artist 
seeking information as by the general reader. We give a cordial welcome to the book, 
and augur for it an increasing reputation."— Builder. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged and adapted to the use of the Ornamental Painter and 
Designer, by Ellis A. Davidson. With new Coloured Diagrams 
and numerous Engravings on Wood. i2mo, y, cloth boards. 
" One of the most useful of student's books, and probably the best known of the 
few we have on the subject. "—A rchitect. 
* * The book is a most useful Hsunti of the properties of pigments."— -Builder, 
" This treatise forms a most valuable vade mecum for the o rnamental painter and 
designer."— ,SV#//wa«. __ • 
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Delamotte' s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
motte. Small 4to, price oj. Elegantly bound, cloth antique, 

"A handy book, beautifully illustrated ; the text of which is well written, and cal- 
culated to be usefuL . . . The examples of ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with judgment and knowledge, as well as \a&\e, n —Athauntm. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDLEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c, for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4/. cloth. 

" A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, this book will be useful. "—Athetuntm. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Kiband, Gothic, Rustic, and Arabesque; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4r. cloth. 

" To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent which 
has been expended in the conception of the various plain ana ornamental letters is 
woodaf^-^Standard. 

MEDLEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. WILLIS 
Brooks. Small 4to, dr. cloth gilt 

" A volume in which the letters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and: intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged. "->?»». 

THE EMBROIDERER'S BOOK OF DESIGN; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modern Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, zs. 6d. in ornamental boards. 
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AGRICULTURE, &c. 

Youatt and Burtis Complete Crrazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 

BREEDER'S ASSISTANT. A Compendium of Husbandry. 

By William Youatt, Esq., V.S. nth Edition, enlarged by 

Robert Scott Burn, Author of "The Lessons of My Farm," &c. 

One large 8vo volume, 784 pp. with 215 Illustrations. 1/. ir. half-bd. 

•' The standard and text-book, with the farmer and grazier"— -Farmer's Magwans. 

"A treatise which will remain a standard work on the subject as long as British 

agriculture endures." — Mark Lane Express. 

Spooner on Sheep. 

SHEEP; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C., &c 
Third Edition, considerably enlarged ; with numerous fine engra- 
vings, including some specimens of New and Improved Breeds. 
Fcp. 8vo, 366 pp., price 6j. cloth. 

" The book is decidedly the best of the kind in our language."— Scotsman. 

" Mr. Spooner has conferred upon the agricultural class a lasting benefit by em- 
bodying in this work the improvements made in sheep stock by such men as 
Humphreys, Rawlence, Howard, and others."— Hampshire Advertiser. 

" The work should be in possession of every flock-master."— Banbury Guardian. 

Scott Burtis System of Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy, 
Historical and Practical — Cattle, Sheep, and Horses — Management 
of the Dairy, Pigs, and Poultry, witn Notes on the Diseases of 
Stock — Utilisation of Town-Sewage, Irrigation, and Reclamation 
of Waste Land. New Edition. In 1 voL 1 250 pp., half-bound, 
profusely illustrated, price I2j. 
"There is sufficient stated within the limits of this treatise to prevent a farmer 
from going far wrong in any of his operations. "—Observer* 

Norton's Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also lineal, Superficial, Cubical; 
Wages, Marketing, and Decimal Tables. Together with Tables 
for Converting Land-measure from one denomination to another, 
and instructions for Measuring Round Timber. By Richard 
Horton. i2mo. zs. strongly Sound in leather. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, and on the various kmds of Garden Structures. By 
Samuel Wood (late gardener to Sir B. P. Wrey, Bart.), Author 
of 'Gardening for the Cottage.' Second Edition, with very con- 
siderable Additions, &c, and numerous Illustrations. Grown 8vo, 
pp. 416, cloth elegant, price $s. 
" A very good book, and one to be highly recommended at a practical guide. 

The practical directions are exce\lcnL"—AtAttutum. 
" A thoroughly useful guidebook for the amateur gardener who naywant to flttke 

his plot of land not merely pretty, but useful and profitable."— ZW£ Ttlegrm^ 
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Ewart's Land Improvers Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4*. 

"A compendium long required by land surveyors, agricultural engineers, &c."— 
Sussex Daily News. 

*' It is admirably calculated to serve the purpose for which it was intended."— 
Scotsman, 

"A compendious and handy little volume."— Spectator. 

Hudson's Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. To which are added, Tables for reducing Scotch, Irish, 
and Provincial Customary Acres to Statute Measure ; also, Tables 
of Square Measure, and of the various Dimensions of an Acre in 
Perches and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; &c. 
"jj R. Hudson, C. E. New Edition, royal 32mo, oblong, leather, 
ut edges, with elastic band, 4s. 
f incalculable value to the country gentleman and professional man."— 1 Farmer's 
Journal, 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
b ound together, leather, gilt edges, with strap, *js. 6d. 

|§^ The above forms an unequalled and most compendious Pocket 
Vade-mecum for the Land Agent and Agricultural Engineer. 
"We consider Hudson's book to be the best ready-reckoner on matters relating to 

the valuation of land and crops we have ever seen, and its combination with Mt. 

E wart's work greatly enhances the value and usefulness of the latter-mentioned . . 

It is most useful as a manual for reference to those for whom it is intended."— 

North of England Farmer. 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures ; with Explanations and Examples of all kinds of Valua- 
tions, and useful Information and Advice on Building. By Edward 
Lance Tarbuck, Architect and Surveyor. i2mo, 5^. cloth boards. 

"We are gfod to be able to recommend it."— Builder. 

" The advice is thoroughly practical." — Law Journal. 

Scott Burn's Introduction to Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm- work Records. By Robert 
Scott Burn. With numerous Illustrations. Fcp. 6s. doth. 
"A most complete introduction to the whole round of farming practice."— John 
Bull. 
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"A Complete Epitome of the Laws of this 
Country" 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. 13th Edition, 
Revised to the end of last Session. Including a Summary of the 
Judicature Acts, 1873 and I ^75, and the principal Acts of the 
past Session, viz., — TTie Explosive Acts, The Sale of Food and 
Drugs Act, The Public Health Act, &c, &c. With Notes and 
References to the Authorities, ilmo, price 6s. && (saved at every 
consultation), strongly bound. 

COMPRISING THE LAWS OF 
Bankruptcy— Bills of Exchange — Contracts and Agreements — Copyright 
—Dower and Divorce— Elections and Registration — Insurance— Libel 
and Slander— Mortgages -Settlements— Stock Exchange Practice— 
Tradr Marks and Patents— Trespass, Nuisances, etc— Transfer or 
Land, etc— Warranty— Wills and Agreements, etc. Also Law for 
Landlord and Tenant— Master and Servant— Workmen and Apprentices — Heirs, 
Devisees, and Legatees— Husband and Wife— Executors and Trustees— Guardian 
and Ward— Married Women and Infants— Partners and Agents— Lender and 
Borrower— Debtor and Creditor— Purchaser and Vendor— Companies and Asso- 
ciations—Friendly Societies— Clergymen, Churchwardens — Medical Practitioners, 
&c — Bankers— Fanners— Contractors — Stock and Share Brokers— Sportsmen 
and Gamekeepers — Farriers and Horse-Dealers— Auctioneers, House-Agents— 
Innkeepers, &c. — Pawnbrokers— Surveyors— Railways and Carriers, &c. &C. 
" No Englishman ought to be without this book*— Engineer. 
" A useful and concise epitome of the law. w — \Law Magazine. 
" What it professes to be— a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers." — BeWs Life. 

Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c. 
Third Edition, enlarged, by C Norris. Royal 32mo, cloth, 5*. 
" A neat and concise book of reference, containing an admirable and dearly- 
arranged list of prices for inventories, and a very practical guide to determine the 
value of furniture, &c."— Standard. 

Pawnbroker's Legal Guide. 

THE PAWNBROKER'S, FACTOR'S, and MERCHANT'S 
GUIDE to the LAW of LOANS and PLEDGES. By H. C. 
Folkard, Esq., Barrister-at-Law, Author of the "Law of Slander 
and Libel," &c. i2mo, cloth boards, price p. 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton A*un- 
dell, Attorney-at-Law. Crown 8vo, 4/. cloth. . 

County Court Statutes. 

THE COUNTY COURT STATUTES, fcom 1846 to 1875, 
with the new Consolidated Orders, Forms, Fees, and Costs, 
Practical Notes, and very full Index. By G. Manley Wether- 
field, Solicitor, Author of " Mayor's Court Procedure, n "Liquida- 
tion and Compositions," &c i2mo, pp. 600, cloth iOr. &/, 

Bradbury, A*new, * Co., Printers, Whitefttan, London. 



n 7 



